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Abstract

Based on DNA haplotype and morphology analyses, 3 separate species of Conocephalum conicum s.
lat. and C. salebrosum had been recognized in Japan and Taiwan by Akiyama and Odrzykoski (2020),
and are described here. Morphological features and patterns of distributional areas for the 4 species,
including 3 new taxa, C. orientalis H. Akiyama, C. purpureorubrum H. Akiyama, and C. toyotae H.
Akiyama (formerly recognized as C. conicum J, F, and R types, respectively) as well as pan-boreal C.

salebrosum are described in detail.
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Introduction

The genus Conocephalum Hill (Marchantiidae) is
a complex thalloid liverwort and a member of the
Conocephalaceae (Grolle 1972). The genus was long
considered to include three species, i.e., the European
endemic C. conicum (L.) Dumort., pan-boreal C.
salebrosum Szweyk., Buczk. & Odrzyk., and the
East Asian endemic C. japonicum (Thunb.) Grolle.
However, a number of molecular systematic studies
have revealed the presence of additional cryptic
species in the C. conicum complex (for example,
Akiyama and Hiraoka, 1994a; Kim et al., 1996, 2001;
Miwa et al., 2009) and in the C. japonicum complex
(Miwa et al. 2003). More detailed history of the genus
is provided by Akiyama and Odrzykoski (2020).

Akiyama and Odrzykoski (2020) examined the
inter-relationships among the 6 cryptic “species” in
the C. conicum complex and 3 of the C. japonicum
complex in a world-wide study and they noted the
following three points: 1) the Conocephalum conicum/
salebrosum complex and C. japonicum complex
should be classified in separate genera, the latter as

Sandea japonica Steph. ex Yoshin. as Grolle (1984)
already suggested; 2) the Conocephalum conicum/
salebrosum complex is confirmed to include no less
than 6 species in the world; and 3) there are 4 species
in the C. conicum/salebrosum complex distributed in
Japan and Taiwan. These 4 species were previously
known as J type, F type, R type (or Chemotype III
in Toyota 2000) and C. salebrosum. Morphological
differences among the 4 species were summarized by
Akiyama and Odrzykoski (2020; Table 2).

The main purpose of this report is to describe these
4 species found in Japan and Taiwan and present their
differences in morphology and distributional pattern.
To investigate the distribution of each species, their
identities were checked by morphology of living plants
and by DNA sequences of rps4 [the plastid trnS-rps4
region, i.e., rps4 plus the trnS-rps4 intergenic spacer
(IGS)] for all plants (ca. 450 samples) gathered by
the author in Japan and Taiwan from March 2017
to September 2020 and members of the “Jagoke
Expedition Team” (a total of 56 people from Japan
and Taiwan). All specimens examined are deposited in
the cryptogamic herbarium of the Museum of Nature
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and Human Activities, Hyogo (HYO) and shown as
“specimens examined” compiled in Appendix of this
paper. Living plants and those fixed in 50 % ethanol
were used to investigate morphological features as
well as coloration, glossiness, and their odor caused
by volatile compounds which can be observed only in
fresh conditions.

In addition to the morphological features
previously examined by Szweykowski et al. (2005),
the following were also investigated in this study;
1) mucilage canals and mucilage cells examined
with alcohol-soaked specimens (Plate 9, A-D), 2)
epidermal structures of thalli (Plate 8), and 3) shapes
of fertilized carpocephala in female plants (Plate 7).
These features are reflected in the keys to the species
below and in the descriptions of each species.

When describing Conocephalum salebrosum,
Szweykowski et al. (2005) considered the following
features as important to distinguish the species
from the European endemic C. conicum s. str.; 1)
basal structure of the air pore apparatus observed
in vertical sections of female carpocephala, and 2)
the numbers of cells in the unistratose portion of
the thallus margins. However, these features were
not stable within each species and thus cannot be
used as distinguishing features for Asian species.
Furthermore, it became clear that cell arrangement of
ventral scale appendages were too variable in size and
shape including their cell arrangement according to
developmental stages and environmental conditions to
be used to distinguish each species, though Akiyama
and Hiraoka (1994a) treated them as effective to
distinguish the Japanese three cryptic species.

I follow here Akiyama and Odrzykoski (2020)
who treated Conocephalum japonicum as a member
of a different genus Sandea Lindb. Sandea and
Conocephalum can be distinguished as shown in the
following keys. For more information on Sandea,
which is not treated here, refer to Kitagawa (1982),
Grolle (1984), Miwa et al. (2003, 2004), and Akiyama
and Matsumoto (2021).

Taxonomical Treatment

Key to the genera of the Conocephalaceae

1. Winter annual (sometimes perennial in warmer
and wetter condition). Plants small, rather
densely branched, thallus 3-6 mm wide. Thallus
apices freely branched in late autumn, bearing
parenchymatous sub-rounded propagules. Air-
chamber borders not deeply impressed. Thallus

without mucilage canals. Female carpocephala
with sporophytes surrounded with entire
appendages during autumn and winter. Spore
mother cells linear.
........................... Sandea (not treated in this paper)
1. Perennial. Plants medium to robust, rather remotely
branched, thallus 1-2 cm wide. Thallus apices
not freely branched but form winter buds in
late autumn, which resume growth in the next
spring. Air-chamber borders more or less deeply
impressed (except C. salebrosum). Thallus
with long mucilage canals (except C. toyotae).
Propagules almost always absent, but round
tubers, formed from underside of thallus rarely
found in European and North American species.
Female carpocephala with sporophytes surrounded
with deeply cleft appendages during autumn and
winter. Spore mother cells variable in shape such
as tetrahedral, ellipsoid or globose, but not linear.
....................................................... Conocephalum

Conocephalum Hill, Gen. Nat. Hist. ed. 2, 2: 118
(1773), nom. conser.

Type species: Conocephalum conicum (L.) Dumort.

= Marchantia conica L., Species Plantarum 2: 1138
(1753) = Hepatica conica (L.) Adans. ex Lindb.,
Commentationes Botanicae 115 (1822).

Description: Plants perennial, vigorous, aromatic
or sometimes odorless, often leathery with undulate
margins in sunny places, sometimes becoming quite
thin in shaded conditions, 7-25 mm wide and 50-200
mm long, sometimes wider and longer, yellowish
green to blackish green, with purplish red color at
margins and lower side of thalli; lower side of thalli
often changing to reddish purple in late autumn and
winter. Thalli thicker along the costa, becoming thin
towards the margins, flat, margins sometimes gently
depressed; surface coarsely and regularly areolate
with elongated-hexagonal, lighter whitish green,
impressed lines; areole (Fig. 1) smaller at margin and
apex of thalli, larger at inner part except for 2—3 lines
at central part; each areole with a central, pale, more
or less elevated pore [= areolae (Fig. 1)]; composed
of unistratose portion at extra margins with 1-5 cell-
lines, where aerenchymatous layer absent. Epidermis
with hyaline cells, smaller at margins and central
part, lax between them. Oil-cells present, scattered on
both surfaces and appendages of ventral scales, often
surrounded by 7-8 wedge-shaped cells, smaller and
rich in number at lower surface of thallus margins.
Pores surrounded by 2-5 rings of cells, each ring
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with 6-8, narrowly elongate or curved cells, bounded
by thin secretion. Aerenchyma (spongy tissue)
low, in one layer, with network of chlorophyll-rich
filamentous cells; chlorophyllous filaments with 3—5
cells underlying the areolae; each filament ending in
hyaline, conspicuously elongated beaked cells; often
with mucilage cells at costal and marginal part of
thalli. Ventral tissue solid, except for the presence of
mucilage canals (slime canals) along costal thicker
part; upper cells with vertical striae or pitted striations.
Rhizoids more or less abundant on wings and costae,
sometime few. Ventral scales 2-ranked, pale or light
to deep purplish red, with basally constricted, sub-
circular, dark purplish red appendages; a few oil cells
present. Asexual reproduction quite rare (probably
lacking for Asian plants), with ill-defined tubers
formed at lower side of thalli in older portions.

Dioicous. Male receptacles terminal on thalli,
formed much earlier than female ones mostly along
with development of a new thalli from winter
buds in early spring, often positioned on more or
less upwardly aligned thalli and elevated by short
petiolate branches; not stalked, round or ellipsoid
in outlines, thick; upper surface roughened with
somewhat elevated or conical openings of the
antheridial chambers, from which sperm cells are
discharged into the air in late spring; fallen-off from
thalli by late summer. Female receptacles, remaining
sessile, deeply inside the cavity at the terminus of
thalli, becoming soon shrunk without successful
fertilization; receptacles with fertilized embryos
(sporophyte) in archegonia also remain sessile
until spores mature in early spring, rapidly raised
upwards by elongation of translucent fresh long
stalks just before spore dispersal. Stalks 4-10 cm in
length, colorless or slightly greenish, rarely slightly
tinted red, translucent, smooth, with a single rhizoid
furrow, and lacking an aerenchyma-chlorenchyma
layer. Heads of female receptacles (carpocephala)
conical, size and apex shape different among each
species, very shallowly to hardly lobed, usually
with 5-8 lobes, each bearing a single archegonium;
lower part of areolae with much more compound
structure compared to that of usual thalli. Paleae
absent. Involucres membranous, tubular, undivided.
Pseudoperianth absent.

Sporophytes with short foots and relatively
massive setae; setae slightly elongating and capsules
barely protuberant just before dehiscence. Capsules
obovoid-ellipsoidal, cells of the unistratose wall with
distinct annular thickenings; dehiscence via irregular

b

areolae

areole

(air chamber)

Al

Figure 1. Areolae (air pore and surroundings) and areole (air
chamber) in the upper surface of thallus.

clefts (often 8 in number) from the top to the base,
but not extending to the middle of capsule. Elaters
ca. 2-3 times greater in number than spores, quite
variable in size and shape, often pointed at both ends,
with 2-3 narrow spirals. Spores slightly irregular
spherical to ovoid, 60—120 um in longer diameter
(just before dehiscence), thin-walled, delicately
papillose on proximal (inner) surface, delicately
papillose with scattered larger papillae on distal
(outer) surface; spores chlorophyllous, precociously
pluricelluar, reaching maximum size just before
dehiscence; fertility ranging from less than 40 % to
almost 100 %; often varying in size and fertility even
in a single species.

Note 1 (Dorsal grooves between air chambers).
Degree of glossiness and thickness of outer cell-walls
of upper epidermis of thalli vary among species and
can be used to determine species identity. Although
cell arrangement at the junction of air chamber walls
to epidermis is not stable within each species, depth
of grooves (deep or shallow) between air chambers
are stable within a species. For example, as pointed
out by Szweykowski et al. (2005), C. conicum s. Str.
has plane surfaces and C. salebrosum has more or
less uneven surfaces (species epithet was named after
this feature). The Asian C. salebrosum, however, has
mostly plane surfaces (Plate 8§, M—P) compared to
deeply depressed grooves found in the other 3 species.
Therefore, the plane surfaces can be one of the useful
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features to distinguish Asian C. salebrosum from the
FE type of C. purpureorubrum, both of which have
similar plant appearance in northern Japan.

Note 2 (Air pore structure). Lower areolae structure
in a female carpocephalum is more highly complexed
than that observed in the surface of a vegetative
thallus. Szweykowski et al. (2005) used it as one the
useful features to distinguish C. conicum s. str. from
C. salebrosum in Europe. For Asian plants, even
including Asian plants of C. salebrosum, however,
this feature is not stable within each species: both
short and long types were found in all 4 species and
the feature cannot reliably be used to distinguish the
Asian species.

Szweykowski et al. (2005) also pointed out
that epidermal cells of carpocephala are mostly
bistratose in C. conicum s. str., while they are
unistratose in C. salebrosum. In Asian plants, they are
mostly bistratose in C. salebrosum and C. toyotae,
3—4-stratose and sometime more in C. orientalis and
C. purpureorubrum.

Note 3 (Endosporic germination). Spores are
slightly irregular spherical or ovoid in shape.
Their size and shape changes during the process of
endosporic germination, reaching 70—120 pm in
longer diameter just before dehiscence. Fertility of
spores varies among plants in each species (sometimes
even among capsules of a single carpocephalum);
for example, it is 40-100 % in C. orientalis with
smaller sterile spores. Discharged spores contain a
number of chloroplasts inside because of endosporic
germination. They lose geminating ability within 30
days under room condition (Inoue 1966).

Note 4 (Male receptacles). Male plants of
Conocephalum species produce receptacles near
the tips of newly formed lobes in spring. The size
of male receptacles are vary in size and shape even
in the same population. Young, newly formed lobes
are branched and both or one of lobe bears a single
male receptacle at the tip. When the male receptacle
is formed, growth of the lobe tentatively ceases and
the lobe remains short, standing upwards with a short
stipe which is almost entirely composed of a midrib
of the usual thallus (Fig. 2-A). Since Conocephalum
species (and Sandea) are known to explosively release
microscopic water droplets containing sperm cells
into the air (Shimamura et al., 2015), these upwardly
oriented, short branches with male receptacles at the
top may be an efficient platform to release sperm from
a higher position above the soil surface.

Note 5 (Growing substrata). All species of

Conocephalum and Sandea mostly grow on soil
with well-developed rhizoids elongating downwards
and never attaching directly to the rock surface
without a thin soil layer. The only exception is
found with C. salebrosum elongating on calcareous
walls. This requirement for an amount of soil as a
growth substrate may be one of the reasons why
Conocephalum species are not distributed at lower
elevations in subtropical regions in Japan and Taiwan,
where rocky substrates are almost devoid of soil cover
due to the extent and speed of water flow during the
rainy season.

Note 6 (Fungal infection). When plants of
Conocephalum growing on the ground, irrespective
of species, fungal mycelia almost always invade
the parenchyma along the midribs. Such infected
portions are recognized by the pale purplish red color
contrasting from the surrounding uninfected colorless
parts. The process of mycelial invasion was studied in
detail by Carré and Harrison (1961) and Clee (1943).

Note 7 (Mucilage in thalli). Fresh plants, especially
larger plants of Conocephalum orientalis, store a lot
of mucilage within mucilage canals. They can be
recognized as transparent and sticky liquid running
down through the holes of the canals as seen in
transverse sections of the thallus (Plate 9, H). It is a
clear liquid when fresh, but turns opaque, whitish and
rather solid when soaked in ethanol, thus making it
easier to observe.

Both oil cells and mucilage cells are present in
Conocephalum species. Inner contents of oil cells
disintegrate when soaked in 50 % ethanol, while the
contents of mucilage cells that are transparent in fresh
conditions, as in the case of mucilage canals, becomes
opaque and whitish and thus visible to the naked eye.
Mucilage cells are solitary and slightly larger in size
than surrounding cells. In contrast, oil cells in thalli
(mostly at the upper and lower margins) and ventral
scales are surrounded by a number of long rectangular
cells arranged in a circle.

Conocephalum salebrosum, often growing in
rather dry habitats, tends to have a greater number
of mucilage canals and mucilage cells in thalli. In
contrast, C. toyotae, which grows under snow cover
during the winter season, lacks both mucilage canals
and mucilage cells. These structures are expected to
be closely related to desiccation tolerance.

According to Cavers (1904), Bolleter (1905), and
Kobiyama and Crandall-Stotler (1999), mucilage
canals originate from longitudinal connections of
original unicellular mucilage cells. The relationships
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Figure 2. Male receptacles of the 4 species of Conocephalum. A—C: C. orientalis. D and E: C.
purpureorubrum. F and G: C. salebrosum. H and I: C. toyotae. Scale bars = 2 mm for A,
1 mm for the others. A and C: Tsunokame, Hyogo Pref., 17 June 2017. B: Ashizuri, Kochi
Pref., 2 April 2018. D: Umaji-mura, Kochi Pref., 3 May 2018. E: Totsugawa, Nara Pref.,
24 May 2019. F: Taishaku-kyo, Hiroshima Pref., 10 July 2017. G: Atsunai, Hokkaido Pref.,
28 April 2018. H: Yuzawa-cho, Niigata Pref., 22 June 2018. I: Nikko-shi, Tochigi, 14 July

2018.
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between these mucilage cells along the costal region
of thalli and those scattered all over the thalli remain
unsolved.

Three species of the Conocephalum conicum/
salebrosum complex, formerly known as J, F (or
FS in Akiyama and Hiraoka 1994) and R types
distributed in Japan and Taiwan, are described as
new species based on morphological examination
using a number of fresh samples as well as molecular
phylogeny (Akiyama and Odrzykoski, 2020). Asian
Conocephalum salebrosum [formerly known as T-type
in Akiyama and Hiraoka (1994)] differs slightly from
European C. salebrosum in the luster of the thalli, and
shape of the apical end of the female carpocephala.
According to Szweykowski et al. (2005), European
endemic Conocephalum conicum s. str. is different
from the Asian 4 species in totally flat outer epidermis
of thallus; dorsal thallus surfaces of C. conicum s.
str. are usually even, limits between particular air
chambers are lying at same level as rest of epidermis,
and highest cells of air chamber walls are usually not
inserted into epidermal layer.

Keys to the 4 species of Conocephalum in
Japan and Taiwan

1. Air chambers (areole) small, similar in size
between those at the margins and the central costal
parts (Fig. 3 G, H). Grooves between air chambers
deeply impressed. Cells of upper epidermis of
thalli large and with thin walls (Plate 8§ Q-S).
Mucilage canals absent along midrib of vegetative
thalli (Plate 9 G), but present at upper portion of
carpocephala. Mucilage cells absent. Carpocephala
after fertilization helmet-shape with round apices
(Plate 7 I, J). Living plants with distinctive odor
of Matsutake mushrooms (Methyl cinnamate)
even after long-term cultivation in a green
house, but weakened or lost in late autumn or in
artificial humid conditions such as in tightly sealed
transparent plastic cups.
............................................................ 4. C. toyotae

1. Air chambers (areole) becoming narrower and
longer towards central costal portions (Fig. 3 A—
F). Grooves between air chambers shallow (C.
salebrosum) or deeply impressed (C. orientalis
and C. purpureorubrum). Cells of upper epidermis
of thalli rectangular in shape with thin (C.
salebrosum and Western Japanese form of C.
purpureorubrum) or thick walls (C. orientalis and

Eastern Japanese form of C. purpureorubrum).
Mucilage canals present along the midrib of thalli
and carpocephala. Mucilage cells present (C.
salebrosum) or often absent (C. orientalis and C.
purpureorubrum). Carpocephala after fertilization
conical, narrowly acute to obtuse, but not round.
Plants with various kinds of scent, often fresh,
earthy or slightly musty odor, sometime odorless,
quite rarely with Matsutake mushroom odor in
Eastern Japanese form of C. purpureorubrum. ... 2
2. Plants with distinctly shiny thalli, light green (Fig.
3 A), but often becoming yellowish when growing
in shaded places (Fig. 3 B). Thalli wide, vigorous.
Size of air chambers smaller at thallus margins,
larger towards the center. Grooves between air
chambers mostly deep. Areolae almost always
occupying more than half of the width of air
chambers. Outer epidermal cells with thick walls
(Plate 8 A=D). ..covvevveeerieieereeien 1. C. orientalis
2. Plants matt, yellowish green (Western Japanese
form of C. purpureorubrum and C. salebrosum)
or slightly shiny, blackish green (Eastern Japanese
form of C. purpureorubrum). Air chambers
mostly similar in size at margins and central
parts. Grooves between air chambers deep (C.
purpureorubrum) or shallow (C. salebrosum).
Areolae occupying less than 1/3 of the width of
air chambers. Outer epidermal cells with thin
(Western Japanese form of C. purpureorubrum and
C. salebrosum) or thick walls (Eastern Japanese
form of C. purpureorubrum). ........c.cccoveveienenen. 3
3. Plants often thick, becoming thin when growing
in fully shaded conditions. Upper surface of thalli
matt and yellowish green (Western Japanese form;
Fig. 3 C) or slightly shiny and blackish green
(Eastern Japanese form; Fig. 3 D); sometimes
with a blackish central line on upper surface.
Lower surface of thalli usually reddish purple
even in summer seasons. Upper epidermal cells
with thin (Western Japanese form; Plate 8 I-L) or
thick walls (Eastern Japanese form; Plate 8 E-H).
Grooves between air chambers deep (Plate 8 E-L).
Mucilage canals well developed, but mucilage
cells often absent. Rhizoids often dense, occurring
throughout lower surfaces of thalli. Carpocephala
after fertilization with round or slightly flat
apices (Plate 7 A, B). Plants almost always with
fresh, earthy odor, quite rarely with Matsutake
mushroom odor in the Eastern Japanese form.
.............................................. 2. C. purpureorubrum
3. Plants often thin; especially those growing directly
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on surfaces of limestone cliffs becoming as thin
as paper. Upper surface of thalli matt, yellowish
green, almost lacking blackish lines in the center.
Lower surface of thalli yellowish green (Plate 5
E, G), rarely becoming reddish orange at margins
or whole surface (in Taiwanese plants; Plate 5 B).
Upper epidermal cells with thin walls, becoming
smaller towards the central parts (Plate 8 M—P).
Grooves between air chambers shallow (Plate
8, M-P). Both mucilage canals and mucilage
cells well developed. Rhizoids often few, only
developing at central costal parts. Carpocephala
after fertilization sharply pointed (in Japanese
plants; Plate 7 C, D) or round (in Taiwanese and
European plants). Plants usually with slightly
musty odor or without odor when growing on
drier substrata. Often found in limestone areas;
restricted to rather damp and shaded places near
the mouths of limestone caves in western Japan,
where cool and wet air supplied throughout the
(Y=L | PSR 3. C. salebrosum

1. Conocephalum orientalis H. Akiyama, n. sp.

Figs. 2 (A-C), 3 (A, B), 4 (A-D), 5 (B, D), 7 (A,
B), Plates 1 (A-L), 2 (A-]), 8 (A-D), 10 (A)

Protologue: Plants similar to Conocephalum
salebrosum, but larger and wider, reaching 20 cm in
length, 1-2 cm in width. Thalli distinctively shinny
with thick walls of upper epidermal cells. Air pores
circular to elliptical; areolae occupying no less than
half of width of air chambers.

Type: JAPAN, Hyogo Pref., Yabu-shi, Oya-cho,
Yokoiki valley, 30 Nov. 2020, H. Akiyama 26465
(holotype in HYO; isotypes distributed as exiccatae
“Bryophytes of Asia” from HIRO).

Previous names: Conocephalum conicum J-type
(Odrzykoski et al., 1991; Akiyama and Hiraoka,
1994a, b; Akiyama et al., 1998; Kim et al., 1996,
2001; Miwa et al., 2005; Akiyama, 2006, 2014;
Ludwiczuk et al., 2013; Miyatake et al., 2018;
Akiyama and Odrzykoski, 2020). Conocephalum
conicum Chemotype I and Chemotype II (Toyota et
al. 1997; Toyota 2000).

Conocephalum orientalis was first recognized
as a distinct “type” in the C. conicum complex by
Odrzykoski and Szweykowski (1991) and then
widely accepted by others (Akiyama and Hiraoka,
1994a; Kim et al., 1996, 2001; Miwa et al., 2010;
Akiyama and Odrzykoski, 2020). For more details,
see Akiyama and Odrzykoski (2020).

Japanese name: Oo-jyagoke.

Etymology: Species epithet is selected because of
its distribution areas in the Far East Asia.

Description: Plants perennial, vigorous, with
refreshing forest scent, leathery, almost always
shiny, 9-20 mm wide, to 20 cm long, usually green,
yellowish green in shaded places; undersurface
light green, becoming reddish purple towards late
autumn. Thalli relatively thin, except along the
costa, flat, margins plane or gently undulate; surfaces
coarsely and regularly areolate with air chambers,
with elongated-hexagonal, deeply impressed lines
(grooves between air chambers); with 2—4 (-5) rows
of unistratose portion at margins. Areole hexagonal,
becoming smaller towards the margins, narrower
and slightly longer along costa, with a pale, rather
flatly elevated pore in the center. Pores mostly round,
slightly elliptical along costa. Areolae occupying
more than 1/2 of areole width. Epidermal cells
hyaline, long rectangular in longitudinal section, with
thick walls above. Mucilage cells of aerenchyma and
ventral tissue often absent (74 out of 100 specimens
examined lacking mucilage cells). Rhizoids abundant
on wings and costae. Ventral tissue solid, except
for the presence of 3—4 mucilage canals along costa,
often with symbiotic fungi. Ventral scales in two
rows, usually large, rarely small in size; appendages
reniform to almost circular, margins entire or
undulate, 0.25-0.48 x 0.4-0.90 mm. Asexual
reproduction lacking.

Dioicous. Female carpocephala with fertilized
sporophytes large, conical with obtuse and slightly
round apices; with a number of short mucilage canals
in aerenchyma; epidermis in 2—4 layers; with stalks
reaching 9 cm in length when discharging spores,
colorless. Elaters quite variable in size and shape,
150-350 um in length, 12-38 um in width. Spores
65—130 pum in longer diameter.

Habitat: Conocephalum orientalis has the largest
plant bodies among all Japanese hepatics. In almost
all cases, large Conocephalum plants that grow at
streamside are this species. If thalli are shiny, the
size of the air chambers increases toward the center
of the thalli, and areolae are larger than 1/2 of the air
chamber width, the plant can be definitely identified
as C. orientalis. The species may become larger in
size and forms quite large colonies in slightly shaded
places, such as along streams and on seepage slopes
of trail banks in forests.

Conocephalum orientalis almost always does not
grow directly on rock surfaces without soil. However,
there are exceptions; it can grow directly on surfaces
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Figure 3. Comparison of areolac among the 4 species of the Conocephalum conicum/ salebrosum complex. A: C.
orientalis. B: C. orientalis (J3 type). C: C. purpureorubrum (FW form). D: C. purpureorubrum (FE form). E and
F: C. salebrosum. G and H: C. toyotae. A: Hyogo Pref., Kami-cho, 26 Sept. 2018 (Akiyama s.n.). B: Aomori Pref.,
Hirosaki-shi, 22 Aug. 2017 (Uchida s.n.). C: Miyazaki Pref., Nichinan (Akiyama 26705). D: Tokyo Metro., Mt. Takao,
4 Dec. 2017 (Akiyama 25268). E: Fukuoka Pref., Hiraodai 29 Aug. 2019 (Akiyama 26704). F: Hiroshima Pref., Kami-
Taishakukyo, 10 July 2017 (Akiyama 25094). G: Nagano Pref., Arimine, 30 Aug. 2018 (Akiyama 25677). H: Hokkaido
Pref., Shari-cho, 8 Sept. 2018 (Uchida 712). Scale bars = 5 mm.
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of large boulders in places where there is extreme
amount of rainfall, such as Yakushima Island and the
southern part of Miyazaki Prefecture.

Distribution: Japan [Hokkaido, Honshu, Shikoku,
Kyushu, Ryukyu (Amami Isl., Tokunoshima Isl.,
Okinawa Isl. (only north of Nago-shi)], Taiwan. This
is the most populous species among the 4 species
of Asian Conocephalum, especially in Kinki and
Chugoku Districts of Japan. Although previously
known only from Japan, it was newly collected
during the present surveys at two localities in the
central Taiwan (Nantou Co., Xitou, and Yilan Co.,
Taipingshan). Horikawa (1934) previously reported
Conocephalum conicum s. lat. from Iriomote Island
(Hinai, Mt. Hatoma-mori; Okinawa Prefecture), but
there has been no additional report from the island
despite a number of subsequent intensive surveys
(Isono et al., 1999, p. 100).

Specimens examined: See Appendix.

Note 1 (Mucilage in thallus). Plants grown in good
moisture conditions become quite succulent. When
such thalli are cut transversely, clear slimy contents
(polysaccharides) can be observed flowing abundantly
from the cross section of the mucilage canals (Plate 9,
H).

Note 2 (Color of underside of thalli). In late
autumn, the underside of thalli turn reddish purple
and also winter buds are produced at the tip of thalli,
which produce new shoots in the next spring. New
shoots from winter buds become elongate and form
conspicuous heart-shaped lobes. The base of these
heart-shaped lobes is more or less colored pale
reddish purple.

Note 3 (Variation in odor of plants). Fresh plants
of Conocephalum orientalis have a strong refreshing
odor that can be reminiscent of a deep forest. The
composition of volatile components has been studied
in detail by Asakawa et al. (1981), Toyota (2000),
Miyatake et al. (2018) and others. Conocephalum
orientalis with rigid and thick thalli in the coastal
regions of southwestern Japan (recognized as J2 type
in the present paper) was reported to produce large
amounts of Methyl cinnamate (the main source of
Matsutake odor of C. toyotae) when cultured in sealed
plastic containers (Toyota et al., 1997; Toyota, 2000;
Ab Ghahi et al., 2016; Miyatake et al., 2018).

Note 4 (Variation in plant appearance). The shape
and color of thalli vary greatly according to the
surrounding environments. When plants grow in
darker places, for example, at the entrance of a cave,
thalli become quite thin and yellowish in color and

such plants resemble C. salebrosum.

Plants with yellowish green color are sometimes
found on roadside soils or beside streams in
Cryptomeria japonica plantations. Ordinary green
plants were also commonly present in the vicinity,
and their DNA features (rps4 or trnH-psbA) are not
different (Akiyama and Odrzykoski 2020). Plants
growing at higher altitudes in mountainous areas
of central Honshu, Japan (for example, Jigokudani
in the northern part of Mts. Yatsugatake, Nagano
Prefecture) have very thin thalli and appeared similar
to Conocephalum salebrosum, but their DNA feature
is revealed to be the same of the typical C. orientalis.

In contrast, some individuals become hard and
yellowish, probably due to tanning of the thalli
surface when they formed population at places
exposed to direct sunlight, such as concrete retaining
walls along a sunlit roadways. In such plants, the
ventral scales are dense, and their appendages are
large and strongly colored reddish purple, which is
reflected in the color of upper side of the thalli. Such
plants may be mistaken for the Western Japanese form
of C. purpureorubrum, but they can be distinguished
as C. orientalis by noting the glossiness of the thallus
surface, larger areolae comparing to air chamber size,
and thick walls of the epidermal cells of the thalli.

The underside of the thalli varies in color with the
seasons of the year. It is pale green from spring to
autumn (with pale reddish purple at the basal part of
the midrib), but the entire underside surface of thalli
become reddish purple in late autumn and winter.
Thus, it is not easy to distinguish C. orientalis from
C. purpureorubrum by the color of underside of thalli
alone at those seasons.

In subtropical regions such as the Satsuma
Archipelago, Okinawa Archipelago, and Taiwan, the
overwintering plants remain green on the underside of
the thalli and continue growth even in winter and do
not produce winter buds (Fig. 4, A, B).

Note 5 (Ecological form, J2 type). Along the Pacific
coast from the Kinki District to the western Japan (see
Appendix for distribution), when growing in sunny
and dry conditions, the plants are very thick in texture
with conspicuous wavy margins. Such an ecotype was
first reported by Toyota et al. (1997) and referred to as
“Chemotype II”. This type is recognized as J2 type of
Conocephalum orientalis in this paper.

Note 6 (Ecological form, J3 type). In Hokkaido
and Tohoku Districts, as well as Ibaraki and Hyogo
Prefectures (see Appendix for distribution), there
are plants with broad and matt thalli of a blackish
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Figure 4. Conocephalum orientalis. Plants without winter buds (Tokunoshima Island, Akiyama 25908; A and B), and those with
winter buds (Amami-Oshima Island, Arangachi Fall, Akiyama 24421; C and D). Scale bars = | mm.

yellow-green color. The grooves between air
chambers (areolae) are wide and blackish-green in
color. This form is tentatively named as “J3 type”
hereafter. The J3 type is more common than the usual
Conocephalum orientalis in the mountain areas in
Hokkaido and the northern Tohoku District (Mr.
Uchida, personal communication). Another good
feature of the J3 type is the color of the underside of
the wide thalli, which is tinged orange to reddish-
purple even in summer (Plate 2, H-L).

The J3 type of Conocephalum orientalis is
sometimes difficult to distinguish from the Eastern
Japanese form of C. purpureorubrum, because they
share a similar appearance, such as the matt and
yellowish green color of the upper surface of the
thallus, reddish purple color of the lower surface of
the thalli even in summer, and thick walls of upper
epidermal cells of the thalli. The larger areolae (1/2
or more of the width of the air chamber) compared to
those of Eastern Japanese form C. purpureorubrum
(less than 1/2) can be a useful feature to separate these

two species.

Note 7 (Ecological form, small plants). There
are plants of Conocephalum orientalis with smaller
thalli, which look similar to C. toyotae. They have
much narrower areole (air chamber) than usual plants
even at the central portions along the costa. Such
plants have been found at lowlands, such as Nambu-
cho, Yamanashi Prefecture, Kamigori-cho, Hyogo
Prefecture, Yakushima Island and Tokunoshima
Island, Kagoshima Prefecture, and Kunigami Village,
Okinawa Prefecture. Especially in Yakushima Island,
such smaller plants prevail along streams at lower
elevations, and larger, normal plants are restricted to
the higher elevations. Based on preliminary results
using psbA-trnH sequences, there is a slight genetic
differentiation between the two types.

Note 8 (Plants without winter buds). In Amami-
Oshima and Tokunoshima Islands (Kagoshima
Prefecture), a different type of plants is commonly
found. One of the characteristic features of such
plants is the absence of winter buds at the apical parts
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of the thallus lobes, even in winter season (Fig. 4).
Previous study based on allozymes (Isono et al., 1999)
reported unique alleles from these local populations.
Plants growing in subtropical regions, such as Ryukyu
Archipelago and Taiwan, also do not produce winter
buds and continue their growth even in winter. Their
DNA markers (rbcL and rps4), however, do not differ
from the typical ones.

Note 9 (Conocephalum used as human food
materials). Some Japanese bryologists cook whole
thallus of Conocephalum orientalis in heated oil and
eat them as if they were potato chips. The unique
aroma is extinguished by heating, and the taste is
similar to that of dried seaweed laver, “nori”.

2. Conocephalum purpureorubrum H. Akiyama,
n. sp.

Figs. 2 (D, E), 3 (C, D), 5 (A, D), 6 (A-D), Plates 3
(A-)), 4 (A-1), 8 (E-L), 10 (B)

Protologue: Upper surfaces of thalli matt and
yellowish green, or slightly shinny and blackish
green. Upper epidermal cells of thalli with thin or
thick walls. Lower surface of thalli reddish purple
even in summer, with dense rhizoids.

Type: JAPAN, Oita Prefecture, Saiki-shi, Honjyo,
Inoue, 70 m elev., 34.943661° N, 131.743191° E,
13 March 2018, H. Akiyama 25427 (holotype HYO,
isotypes HIRO, NICH, TNS).

Previous names: Conocephalum conicum FS type
(Akiyama and Hiraoka 1994a, b). Conocephalum
conicum F type (Kim et al., 1996, 2001; Akiyama et
al., 1998; Miwa et al., 2005; Akiyama, 2006, 2014;
Ludwiczuk et al., 2013; Miyatake et al., 2018),
Conocephalum conicum KYT and YFS types (Kim et
al., 1996, 2001).

Japanese Name: Urabeni-jyagoke.

Etymology: Species epithet is descriptive of the
reddish purple color of the lower surface of thalli
even in summer season.

Description: Plants perennial, small to large,
with slight forest scent, quite rarely with Matsutake
mushroom scent, dull and yellowish green (Western
Japanese form) or slightly shiny and blackish green
(Eastern Japanese form), 6—16 mm wide, to 15 cm
long; undersurface reddish purple even in summer
seasons. Thalli relatively thin, except along the costa,
flat, margins plane; surfaces coarsely and regularly
areolate with air chambers, with deeply impressed
lines of grooves between air chambers; mucilage
canals well developed, 3—4 in numbers; with 2—-3
(—4) rows of unistratose portion at thallus margins.

Areole hexagonal. becoming smaller towards the
margins, narrower and slightly longer along costa,
with a pale, more or less elevated pore in the center.
Pores small, mostly round. Areolae small, occupying
ca. 1/3 of the width of areole (air chamber) (Plate 3,
I, J). Epidermal cells long rectangular in section,
with upper cells with thin (Western Japanese form) or
thick walls (Eastern Japanese form). Mucilage cells
of aerenchyma and ventral tissue often present (20
lacking out of 43 specimens examined). Rhizoids
abundant on wings and costae. Ventral tissues solid,
except for the presence of 3—4 mucilage canals,
often with symbiotic fungi. Ventral scales in two
rows, usually large, rarely small in size; appendages
reniform to almost circular, margins entire or
undulate, 0.28—-0.80 x 0.30—-1.10 mm. Asexual
reproduction lacking.

Dioicous. Female carpocephala with fertilized
sporophytes medium in sizes, conical with obtuse
apices (Plate 7, B); with a number of short mucilage
canals in aerenchyma; epidermis in 1-2 (-3) layers
(Western Japanese form) or (1-) 2-3 layers (Eastern
Japanese form); with stalks 3—6 cm in length when
discharging spores, colorless. Elaters variable in size
and shape, 100-350 pm in length, 10-38 pm in width.
Spores 70-110 pm in longer diameter.

Habitat: Conocephalum purpureorubrum can
grow in drier habitats than C. orientalis, but tends to
grow in more humid habitats when it grows with C.
salebrosum. As for how these three species separate
their microhabitats when they grow sympatorically,
a case study at Mt. Takao (Tokyo Metro.) is useful
(Akiyama and Hiraoka, 1994a).

Distribution: Southern China, South Korea,
Taiwan, Japan (Honshu, Shikoku, Kyushu, Okinawa).
The northern limit of Conocephalum purpureorubrum
in Japan is the central part of Fukushima Prefecture
in Honshu, and the southern limit is the northern part
of Okinawa Island (Yasuda, Kunigami Village). It
is almost absent from the Japan Sea side of Honshu
(Hokuriku, Kinki and Chugoku Dist.).

Note 1 (Variation of plant appearance). When
growing in a darker place such as along small
streams in dense Cryptomeria japonica plantations
[e.g., Aikawa, Tokushima Prefecture and Nagasaka,
Nabari-shi, Mie Prefecture], thalli of Conocephalum
purpureorubrum become smaller and thinner than
usual, and it is rather difficult to distinguish it from
poorly developed C. salebrosum.

Note 2 (Slower regrowth). Regrowth from
winter buds in early spring of Conocephalum
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Figure 5. Difference in plant appearance of the 4 species of Conocephalum in mixed populations. A: Western Japanese form of
C. pupureorubrum (FW) and C. salebrosum (S), Mie Pref., Akame. B: C. orientalis (J) and C. salebrosum (S), Hiroshima
Pref., Taishaku-kyo. C: C. toyotae (R) and C. salebrosum (S), Toyama Pref., Arimine. D: Western Japanese form of C.
purpureorubrum (FW) and C. orientalis (J), Miyazaki Pref., Kobuse. Scale bar = 1 cm.

purpureorubrum occurs about half a month later than
the other 3 species in central Japan. This difference
is maintained even when plants are cultivated in the
same environment, and thus some underlying genetic
background is expected for such difference in the
onset of growth.

Note 3 (Western and Eastern Japanese forms).
Among the Japanese plants (including a few
Taiwanese plants), for which I was able to observe
by living conditions, there are two distinct forms
in Conocephalum purpureorubrum: One is matt,
yellowish green thalli of plants growing in the western
part of Japan, and the other is slightly shiny, blackish
green thalli of plants growing in the eastern part
Japan. The Taiwanese plants are similar to the eastern
Japanese form in their slightly shiny appearance.

Based on allozyme analyses, such a difference has
already been noted in Conocephalum purpureorubrum
(Akiyama and Hiraoka, 1994a). Kim et al. (1996)

further suggested that there was an additional form
from the Yakiyama population (Fukuoka Pref.,
western Japan). However, I was unable to distinguish
it from the usual Western Japanese form, even using
highly variable psbA-trnH sequences.

All the studied samples of Conocephalum
purpureorubrum form a single, well supported
monophyletic clade in the analyses using rbcL and/or
rps4 sequences (Akiyama and Odrzykoski 2020). But,
using the more variable psbA-trnH (including hyper
repeated portions), two forms can be recognized.
They are referred as the Western Japanese form
(FW) and the Eastern Japanese form (FE) hereafter.
These two forms also can be distinguished by their
morphological features as described above and in the
“Key to the two forms of C. purpureorubrum” below.
Spore shape and size do not differ between them.
Although C. purpureorubrum has been reported from
a wide area of eastern Asia (Odrzykoski et al. 1991;
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Miwa et al. 2009), I have not been able to study plants
outside of Japan and Taiwan in this survey. Further
study of the samples collected from all over its wide
distributional range in East Asia is needed to fully
understand the variability.

Key to the two forms of C. purpureorubrum

1. Thalli distinctly matt, yellowish green. Upper
epidermal cells of thalli with thin walls.
Distributed in western part of Japan (from western
part of Aichi Pref. to north of Okinawa Island).
.................................. Western Japanese form (FW)

1. Thalli slightly shiny, blackish green. Upper
epidermal cells of thalli with thick walls.
Distributed in eastern Japan (from Fukushima
Pref. to eastern part of Aichi Pref.) and Taiwan.
..................................... Eastern Japanese form (FE)

Western Japanese form (FW)

Figs. 3 (C), 5 (A, D), 6 (A, B), Plates 3 (A-J), 8 (I-
L)

Japanese name: Saigoku-urabeni-jyagoke

Description: Thalli broad and rather thin, matt,
yellowish green. Upper epidermis of thalli with thin
walls. Underside of thalli not shiny. Underside of
younger thalli mostly reddish purple in color, rarely
green but soon turning into reddish purple in late
summer.

Habitat: The Western Japanese form of
Conocephalum purpureorubrum usually grows on soil
away from streams. It sometimes grows mixed with
C. orientalis (e.g. Akame Gorge, Nara Prefecture;
Obtuse Waterfall, Miyazaki Prefecture; Todoroki
Waterfalls, Tokushima Prefecture), but the latter can
be distinguished by the distinctive luster of the thalli
with green color and larger size of female receptacles,
if they are present.

Distribution: Japan; Honshu (from western Aichi
Pref. to Yamaguchi Pref.), Shikoku, Kyushu, and
northern Okinawa Island (Yanbaru, mountain areas of
Kunigami District).

Specimens examined: See Appendix.

Note 1 (Black strands on dorsal surface of thalli).
Blackish green strands are sometimes present in
the middle of the dorsal surface of plants because
of the deep reddish purple color at the center of the
underside and ventral scales. The plant illustrated
by Akiyama (2014; Fig. 4, erroneously treated
as “Conocephalum salebrosum” there) is a good
example.

Note 2 (Difference from Conocephalum orientalis

J3 type). Western Japanese form rarely looks similar
to the J3 type of C. orientalis (Fig. 2 B, C). Smaller
size of areolae (air pores and surrounding transparent
part) and thin walls of upper epidermal cells of thalli
in the Western Japanese form can be used to separate
these two species.

Eastern Japanese form (FE)

Figs. 3 (D), 6 (C, D), Plates 4 (A-I), 8 (E-H)

Japanese name: Azuma-urabeni-jyagoke

Description: Plants about as wide as those of
Conocephalum orientalis, but somewhat thinner;
surfaces of thalli slightly shiny and blackish green.
Upper epidermis of thalli with thick walls. Grooves
between air chambers are rather wide and deeply
depressed. Underside of thalli reddish purple
throughout the year, and the grooves between air
chambers appearing darker in color when viewed
from the surface.

Habitat: Though sometimes growing along
streams, it usually forms population on soil of valley
slopes far from the water.

Distribution: Japan; Honshu (from central part
of Fukushima Prefecture to the eastern part of Aichi
Prefecture). Taiwan.

Specimens examined: See Appendix.

Note 1 (Variation of plant color). Plants of
the Eastern Japanese form of Conocephalum
purpureorubrum rarely become more or less matt
and yellowish green, as in the Western Japanese form
when growing in drier habitats.

Note 2 (Color of grooves). Deep and blackish
grooves between air chambers are not found in the
Japanese C. salebrosum, and this feature is thus useful
to distinguish the two species in the Kanto District,
where both species often grow in close proximity.

3. Conocephalum salebrosum Szweyk., Buczk. &
Odrzyk., P1. Syst. Evol. 253: 146 (2005).

Figs. 2 (F, G), 3 (E, F), 5 (A, C), Plates 5 (A-K), 8
(M=P), 11 (A)

Type: POLAND, Western Carpathians, Tatry
Mountains, Koscieliska Valley, Wawoz Krakow gully;
on moist humus covering shady calcareous rocks, alt.
1050 m; 26 April 2002, coll. K. Buczkowska and A.
Baczkiewicz s.n. (holotype POZW, not seen).

Previous names: Conocephalum conicum S
type (Szweykowski et al., 1981; Odrzykoski and
Szweykowski, 1991; Akiyama et al., 1998; Kim et
al., 2001; Miwa et al., 2005), Conocephalum conicum
T type (Akiyama and Hiraoka, 1994a, b; Kim et al.,
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2001).

Japanese name: Takao-jyagoke.

Etymology: Species epithet “salebrosum” is
derived from the uneven surface of the upper
epidermis of thalli, comparing to those with quite flat
surface of C. conicum s. str. (formerly known as L
type) in Europe (Szweykowski et al., 2005).

Description (Mainly based on Japanese and
Taiwanese plants): Plants perennial, small to
medium, matt, pale yellowish green, often becoming
much smaller and thinner when growing on limestone
walls or shaded calcicolous soil; dorsal blackish
lines along costa absent; ventral surfaces pale green,
rarely slightly shiny and tinged with reddish purple
when growing at higher elevations in Taiwan; with
slightly musty scent, often odorless when growing
on drier substrates. Thalli 6-15 mm wide, to 10 cm
length, thin, flat, margins plane; surfaces coarsely and
regularly areolate with air chambers, with shallow
grooves; mucilage canals well developed, more than 3

in number; with 2-3 (—4) rows of unistratose portion
at thallus margins. Areole not becoming smaller
towards the thallus margin. Pores small, mostly
round. Areolae small, occupying 1/3 of areole width.
Epidermal cells rectangular, with thin upper walls,
becoming smaller towards the central portion along
costae. Mucilage cells of aerenchyma and ventral
tissue almost always present, even in older portion
of thalli (present in 42 of 44 samples examined).
Ventral tissues solid, except for the presence of 3—5
mucilage canals along costa, often with symbiotic
fungi. Rhizoids often few, mostly restricted to
central portion along costae. Ventral scales in two
rows mostly small in size; appendages small, rarely
large, almost circular to reniform, margins entire
or undulate, 0.25-0.60 x 0.35-1.10 mm. Asexual
reproduction lacking in Japan.

Dioicous. Female carpocephala with fertilized
sporophytes medium in size with a number of short
mucilage canals in aerenchyma; sharply pointed

Figure 6. Western Japanese form (Miyazaki Pref., Hinokage-cho, Matsumoto s.n.: A and B) and Eastern Japanese form (Gunma
Pref., Naganohara-machi, Nakazawa 3398; C and D) of Conocephalum purpureorubrum. Scale bars = 1 cm.
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(Plate 7, D) for Japanese plants but with obtuse tops
in Taiwanese plants (refer Note 3 below); epidermis
in 1-2 layers; with stalks 3—4 cm in length when
discharging spores, colorless. Elaters mostly short
and thick, 85-250 um in length, 1045 um in width.
Spores smaller in size than the other three species
of Conocephalum in Japan, 60—100 pum in longer
diameter.

Habitat: Conocephalum salebrosum is distributed
nationwide except for Kagoshima and Okinawa Pref.,
but in western Japan it is almost always restricted
to limestone areas, especially around cave entrances
where cool and moist air regularly blows from the
caves throughout the year. This may have something
to do with the fact that C. salebrosum is distributed
mainly at higher elevations and higher latitudes in the
world.

Both mucilage canals along costal regions and
mucilage cells in wings are much more developed
and more numerous than the other 3 species in Japan.
Since Conocephalum salebrosum often grows at basal
parts of vertical limestone cliffs, the presence of such
structures containing a lot of mucilage may contribute
to desiccation resistance in such dry habitats.

Distribution: Pan-boreal, widely distributed at
higher latitudes in the northern hemisphere. In Japan,
C. salebrosum has been found from Rishiri Island,
Hokkaido Prefecture to Hitoyoshi City, Kumamoto
Prefecture. Among our collections in East Asia, it has
been collected from higher elevations; for example
above 2000 m in elev. in central Taiwan and Yunnan,
China.

Szweykowski et al. (2005) cited a number of
specimens of Conocephalum salebrosum from Asia,
including Japan. Their identification was, however,
based on morphology. Judging from a re-examination
of the specimens they cited, their identification is
often erroneous because the differences between 1) C.
salebrosum and 2) C. orientalis or O. purpureorubrum
were not clearly recognized at that time.

Specimens examined: See Appendix.

Note 1 (Comparison between European and Asian
populations). In Europe, where Conocephalum
salebrosum was first recognized as S (smaller) type
of C. conicum s. lat., plants that were narrower, less
shiny, and had more uneven surfaces of thalli than C.
conicum s. str. [= L (larger) type] were thought to be
characteristic of C. salebrosum.

Plants of Conocephalum salebrosum from Japan
and Taiwan and those from other parts of Europe,
America, and Asia share the same DNA sequences

and cannot be distinguished (Akiyama and
Odrzykoski 2020), but the extent of morphological
differentiation among them has not been examined
sufficiently. For example, the shapes of fertilized
female carpocephala were different between Japanese
plants and the others, as described above. Since
C. salebrosum is a pan-boreal, globally distributed
species of the northern hemisphere, it is expected
to have a high degree of genetic and morphological
diversity within its distribution areas. Plants identified
as C. salebrosum (for example, Igbal et al. 2011) in
some local monographs of northern India suggest
that probably there is another taxon with different
morphological features.

The lower structure of the air pores on the female
carpocephala is used as one of the features to
distinguish C. conicum s. str. from C. salebrosum
(Szweykowski et al., 2005). However, though this
structure is very difficult to observe, as far as I have
been able to confirm, it is not stable even within a
species among the 4 Japanese species (Akiyama and
Odrzykoski, 2020).

Note 2 (Variation in thickness of thallus). Especially
when growing on vertical limestone cliffs, thalli of
Conocephalum salebrosum often become very thin,
like a paper. Similarly, in damp and dark conditions
(e.g., a little inside the entrance to a limestone
cave), thalli also become smaller and thinner. Good
examples are populations under the Onbashi of the
Taishakukyo ravine (Hiroshima Prefecture), the
Ubusune-no-hokora, Hiraodai Plateau (Fukuoka
Prefecture) in Japan.

Note 3 (Sharp apices of female carpocephala).
Female carpocephala are rare in this species; so far,
they have been found at Gokoku Shrine, Ibaraki Pref.,
Mt. Takao, Tokyo Metro., Arimine Lake, Toyama
Pref., Ina-shi and Mt. Nyugasa, Nagano Pref., and
Taishakukyo, Hiroshima Pref. in Japan. Sharply
pointed apices of developed carpocephala are unique
among Conocephalum species, which are bluntly
round in C. orientalis, helmet-shaped in C. toyotae,
and narrowly round with slightly flattened tips in C.
purpureorubrum. Therefore, carpocephala shape can
be used as one of the good features to distinguish C.
salebrosum from the other 3 species, even if they are
rarely produced.

Unfortunately, Szweykowski et al. (2005),
who studied the morphology of the European C.
salebrosum in detail, gave no description relating
to the shape of female carpocephala. Examining the
photographs of living plants and dried herbarium
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specimens, they are blunt-headed, and none of them
have sharply pointed apices as in the Japanese plants.
A single specimen of C. salebrosum from Ren‘ai
township, Mt. Hehuanshan, Taiwan (H. Akiyama
25616; HYO) had blunt apices on its carpocephala.

Note 4 (Resemblance to Wiesnerella in sterile
condition). Sterile plants of Conocephalum
salebrosum without male or female sexual organs
can easily be mistaken for Wiesnerella denudata
(Mitt.) Steph. in the field. However, they can be
distinguished by the difference in glossiness of thallus
surface, difference in the shape and color of ventral
scales (especially in the appendages). In addition,
they have a different scent of thalli when crushed
between fingers.

4. Conocephalum toyotae H. Akiyama, n. sp.

Figs. 2 (H, 1), 3 (G, H), 5 (C), 7 (A, B), Plates 6
(A-)), 8 (Q-S), 11 (B).

Protologue: Air chambers almost similar in size
all over the thallus. Upper epidermal cells large in
thickness in cross sections with thin outer walls.
Mucilage canals absent and almost always no
mucilage cells developed. Female carpocephala with
fertilized sporophytes helmet-shaped, with round
apices.

TYPE: JAPAN, Hyogo Pref., Yabu-shi, Oya-
cho, Yokoiki valley, 700 m elev., 35.325840° N,
134.544164° E, 30 March, 2021, H. Akiyama 26610
(holotype in HYO, isotypes distributed as exiccatae
“Bryophytes of Asia” from HIRO)

Previous names: Conocephalum conicum R type
(Miwa et al., 2010; Miyatake et al., 2018; Akiyama
and Odrzykoski, 2020 ). Conocephalum conicum
Chemotype III (Toyota et al., 1997; Toyota, 2000;
Kim et al., 2001).

Japanese name: Matsutake-jyagoke

Etymology: Species epithet honors Prof. Dr. Masao
Toyota, who first recognized and reported the plants
with strong scent of methyl cinnamate contents.
Saito (1998) proposed a new name, Conocephalum
fragrans, but it is a nomen nudum, lacking description.

Description: Plants with distinct scent of methyl
cinnamate (odor of Matsutake mushroom), which
can be easily lost when dried; slightly shiny, blackish
green; underside of thalli usually not becoming
reddish purple except for over-winter portions.
Thalli 8-15 mm wide, to 10 cm length, thin except
along costa, flat, margins plane; surfaces coarsely
and regularly areolate with air chambers, with deep
grooves (Fig. 3, G—H, Plate 8, Q-S); with 1-2 (-3)

rows of unistratose portion at margins. Areole (air
chamber) small but not becoming narrower and
longer at central parts along costae, thus giving a
unique appearance of uniform areole size throughout
the thalli; with deep grooves between air chambers.
Areolae large, mostly occupying 1/2 of width of
areole. Epidermal cells short rectangular, more or
less bulging, thick in cross section, with thin upper
walls. Mucilage cells of aerenchyma and ventral
tissue almost always absent (present in a single
specimen out of 30 examined). Ventral tissues
solid, without mucilage canals. Rhizoids dense and
abundant on wings and costa of ventral surface.
Ventral scales arranged in two rows, often small,
sometimes large in size; appendages reniform to
almost circular, margins entire or undulate, 0.27—0.80
% 0.36-0.80 mm. Asexual reproduction lacking.

Dioicous. Female carpocephala with fertilized
sporophytes helmet-shaped with round apices; with a
few, short mucilage canals in aerenchyma; epidermis
in 2 (-3) layers; with stalks 3—6 c¢cm in length when
discharging spores, slightly greenish. Elaters variable
in size and shape, 100-300 pum in length, 8-30 um in
width. Spores 70—120 um in longer diameter.

Habitat: Conocephalum toyotae often grows in
disturbed habitats, such as close to human settlements
and roadside banks at forest edges. Though it can
form pure colonies, it often grows as small patches
within large populations of C. orientalis.

Distribution: USSR (Sakhalin; Miwa et al. 2014
as R type), Japan (Hokkaido, Honshu, Shikoku).
Probably widely distributed in Far East Asia,
especially at higher latitudes.

Specimens examined: See Appendix.

Note 1 (Scent of Matsutake mushroom).
Conocephalum toyotae has a strong odor of Matsutake
mushroom (mainly caused by methyl cinnamate),
and this is one of the most characteristic features of
the species, and with a fresh plant in your hands, it
will not be mistaken for any of the other 3 Japanese
species. If it does not smell so much, especially
in autumn and winter, check the distinct scent by
rubbing a small amount of thalli between your fingers.

Conocephalum conicum A type (including C type)
and C. salebrosum from North America (Odrzykoski
and Szweykowski, 1991; Akiyama and Odrzykoski,
2020) have a large amount of methyl cinnamate as a
volatile component and have been reported to have a
strong scent of Matsutake mushroom, as in the case
of C. toyotae (Ludwiczuk et al. 2013). Unfortunately,
I did not have a chance to examine living fresh plants
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Figure 7. Mixed population (To

kushima Pref., Katsuura-machi) of Conocephalum toyotae (R) with C. orientalis (J). A: Mixed plants

. = |
» \ §

in the field (17 Nov. 2018). B: Spindly growth of both C. toyotae (R) and C. orientalis grown in a sealed plastic cup cultivated
over three months. Note that C. toyotae has much narrower spindly shoots than C. orientalis. Scale bars = 1 cm.

of the A type, so I cannot confirm whether they
have a similar smell of T. toyotae or not. Molecular
phylogenetic analysis indicates that C. conicum A
type and C. toyotae are not closely related to each
other (Akiyama and Odrzykoski, 2020).

Note 2 (Variation in plant appearance) . Thalli of
Conocephalum toyotae are blackish green in color and
somewhat shiny. They are narrower than those of C.
orientalis, which often form mixed populations with
C. toyotae. The underside of the thalli of C. toyotae
is green to reddish purple, but becomes deep reddish
purple in late autumn and winter. Air chambers are
almost all the same size and do not become larger
towards the central parts along costae. Since areolae
occupy more than 1/2 the width of the air chambers in
C. toyotae, it gives the appearance that white areolae
are distributed densely throughout the thallus surfaces
in this species. Both male and female plants seem to
be abundant in Japan, and female carpocephala with
fertilized sporophytes are often encountered.

Conocephalum toyotae is rather stenotypic and
shows little variation in morphological features
comparing to the other 3 Japanese species. Genetic
differentiation is also the least among the 4 species in
Japan (Akiyama and Odrzykoski, 2020).

Note 3 (Absence of mucilage canals). Mucilage
canals, which are well developed in the other 3 species
of Conocephalum in Japan, are not differentiated at
all in C. toyotae. Fungi that coexist within the thalli
of C. conicum/salebrosum complex tend to settle

in the mucilage canals and their surrounding cells,
suggesting that C. toyotae might have a different life
strategy in terms of symbiosis to the other 3 species.

Note 4 (Distribution pattern). Conocephalum
toyotae was first reported from trailside banks in moist
and shaded Cryptomeria japonica plantation in a deep
ravine in Tokushima Prefecture, Shikoku District
(Toyota et al., 1997; Toyota, 2000). The present study
reveals, however, it is mainly distributed on the Japan
Sea side of Honshu District (from Niigata Prefecture
to Shimane Prefecture) and sporadically in Shikoku
District (Plate 11, B), a distribution pattern similar to
that of the moss Hypum cupressifome Hedw. (Ando
1987). Such a distribution pattern is believed to be
correlated to the Japan Sea climate (Suzuki 1962).
Judging from the larger epidermal cells with thin
outer walls as well as the absence of mucilage canals
and mucilage cells in aerenchyma and ventral tissues,
C. toyotae may be vulnerable to drought. This may be
a reason why C. toyotae is restricted to areas with the
Japan Sea climate is developed, where snow-cover
during winter aids survival of the species.

Note 5 (Succulent shoots). When a sample of a
mixed population of Conocephalum toyotae and
C. orientalis is grown in the same over-humid
environment (e.g., in a sealed plastic case), C.
orientalis produces wide, ribbon-like long succulent
shoots (Maybrook, 1914), while they are quite narrow
in C. toyotae (Fig. 7, B). This difference is probably
due to the different size of the meristematic cells at
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the tip of their thalli. It was reported that the volatile
components change drastically in such succulent
plants in artificial conditions and no longer methyl
cinnamate is produced in C. toyotae (Ab Ghahi et al.,
2016; Miyatake et al., 2018).
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Appendix. Examined specimens of 4 species of the Conocephalum conicum/salebrosum complex in Japan and
Taiwan. All specimens are deposited at the cryptogamic herbarium of Museum of Nature and Human Activities,
Hyogo (HYO). Identities of all specimens are confirmed by molecular maker (rps4 or psbA-trnH of chloroplast
genome) and/or morphological observation of living plants including specific scent caused by volatile

components.

Conocephalum orientalis H. Akiyama
JAPAN.

Hokkaido Pref.: Rishirifuji-cho, Oniwaki, Mt. Rishiri,
600-650 m elev., 45.165644° N, 141.256836° E, 8 Sept.
2018, A. Uchida 20180046 (711); Kuromatsunai-cho, Utasai
Forest Park, 50 m elev., 42.652778° N, 140.310278° E, 16
Sept. 2018, Y. Oppata 3702; Urahoro-cho, Atsunai, 80-110
m elev., 42.899850° N, 143.781506° E, 28 April 2018, A.
Uchida 20180008 (695); ibid., Higashiyama-cho, 3040 m
elev., 42.80896° N, 143.67161° E, 28 April 2018, A. Uchida
2018004 (688); ibid., Rushin, 210-290 m elev., 43.000753°
N, 143.680878° E, A. Uchida 2018007 (693); Shintotsukawa-
cho, 120-130 m elev., 43.536733° N, 141.787661° E, 21
July 2019, A. Uchida 20190009; Uryu-cho, 610630 m elev.,
43.871111° N, 141.636389° E, 22 July 2019, A. Uchida
20190043 (759); Shiraoi-cho, Takeura, 37 m elev., 42.5036°
N, 141.2315° E, 9 Apr. 2021, K. lzumida 065; Tomakomai-shi,
Midorigaoka park, 222 m elev., 42.660278° N, 141.590833°
E, 23 Apr. 2020, K. Izumida 025 and 026.

Aomori Pref.: Hirosaki-shi, Sakamoto, Mt. Kudoji,
40.531154° N, 140.423577° E, 450-550 m elev., 20 Aug.
2017, A. Uchida 20170029 (Hirosaki-2); ibid., Osuke,
40.566583° N, 140.339556° E, 125-175 m elev., 22 Aug.
2017, A. Uchida 20170032 (Hirosaki-5); ibid., Hirosaki Park,
38 m elev., 40.6097° N, 140.4646° E, 11 Sept. 2018, M.
Sawada 20180911-1; Kuroishi-shi, M. Uzawa 4124; Towada-
shi, Tsutanomori, 470 m elev., 40.595967° N, 140.952766°
E, 29 Aug. 2014, H. Akiyama 23836; ibid., 40.595278° N,
140.952500° E, 1 June 2018, T. Kano 5918; ibid., Okuse,
40.589444° N, 140.958611°E, 1 June 2018, T. Saeki 4503;
ibid., Tsuta-onsen, 480 m elev., 19 Oct. 2018, T. Yamaguchi
39375; Aomori-shi, Mt. Chobosan, 28 Oct. 2017, A. Washimi
s.n.; Fukaura-machi, Osedo, 118 m elev., 40.733° N, 140.083°
E, 29 April 2018, M. Sawada 20180429-1; Sai-mura,
Nuidoshiyama, 579 m elev., 41.323293° N, 140.846722° E,
21 Sept. 2018, M. Sawada 20180921; Mutsu-shi, Ohminato,
Suigenchi Park, 42 m elev., 41.2579° N, 141.1401° E, 22 May
2018, M. Sawada 20180524-1.

Iwate Pref.: Ichinoseki-shi, Higashiyama-machi,
Matukawa, Takinosawa, 38. 978833°N, 141.238444°E, 1 Oct.
2019, M. Uzawa 5203.

Miyagi Pref.: Sendai-shi, Aoba-ku, Kamiaiko, 250 m
elev., 38.273397° N, 140.692930° E, 15 Nov. 2019, H. Ikeda
702; ibid., Taihaku-ku, Moniwa, Sahoyamanishi, 63 m elev.,

38.2379° N, 140.8169° E, 17 Aug. 2019, Y. Utsumi 190817-1,
2and 3.

Akita Pref.: Oga-shi, Kitaurashinzan Mizukuizawa, 160
m elev., 39.9294° N, 139.7670° E, 30 Sept. 2019, Y. Asakawa
s.n.; ibid., Kitaura, 250 m elev., 39.9272° N, 139.7530° E,
24 Oct. 2019, H. Ikeda 700; Noshiro-shi, Hutatsui-machi,
Tashiro, 170 m elev., 40.081372° N, 140.251783° E, 22
Oct. 2019, H. lkeda 699; Yurihonjyo-shi, Chokai-machi,
Sarukura, 39.176553° N, 140.160683° E, 4 Oct. 2018, A.
Tanaka 20181104-1; Nikaho-shi, Sakigata-machi, in front of a
visitor center, on the way to Shishigahana moor, 4 May, 2019,
H. Fujii s.n.; Higashinaruse-mura, Iwaigawa, Kakkyogawa
National Forest, Tensho Fall, 440 m elev., 39.1790° N,
140.7528° E, 18 Aug. 2020, S. Sato, S.S.TSF 3; Yuzawa-shi,
Koyasukyo, 269 m elev., 39.009722° N, 140.661111° E, 04
July 2020, M. Chishiki s.n.

Yamagata Pref.: Oe-machi, Aterasawa, Hashigami, 195
m elev., 38.3871° N, 140.2114° E, 16 Aug. 2019, H. Fujii
20190816A, B and C; Yonezawa-shi, Shirabu-onsen, 1130
m elev., 37.77144° N, 140.132267° E, 23 Sept. 2019, H.
Shirasaki 26636.

Fukushima Pref.: Koriyama-shi, Konan-cho, Hamaji,
624 m elev., 37.440266° N, 140.185729° E, 20 Sept. 2018,
N. Morita 6; Tamura-shi, Tokiwamachi, Wasezawa, Mt.
Otakineyama, 800 m elev., 37.356667° N, 140.685556° E, 25
Oct. 2020, S. Nemoto 1028.

Ibaraki Pref.: Bando-shi, M. Uzawa 4144; Kitaibaragi-shi,
Hanakawa-cho, Hanazono Shrine, 410 m elev., 36.860525°
N, 140.628152° E, 9 March 2019, H. Akiyama 25951,
Sakuragawa-shi, Motoki, Amabiki Shrine, 190 m elev.,
36.3307° N, 140.1216° E, 10 March 2019, H. Akiyama 25974,
Kuji-gun, Taishi-cho, Sanuki, Hatuhara river, 36.843333°N,
140.264167°E, 28 Sept. 2019, M. Uzawa 5198;

Tochigi Pref.: Sano-shi, Akiyama-cho, 360 m elev.,
36.5472 N, 139.5074 E, 24 March 2018, H. Ikeda 648; Nikko-
shi, Sannai, 17 May 2018, Y. Ohshima s.n.; Kanuma-shi,
Iriawano, Ozaku, 36.5870426 ° N, 139.5719909° E, 12 May
2018, Y. Ohshima s.n.

Gunma Pref.: Naganohara-machi, Kitakaruizawa, 1070
m elev., 36.273597° N, 138.361791° E, 29 April 2018, K.
Nakazawa 1132; Nakanojyo-machi, Iriyama, 1520 m elev.,
36.7144° N, 138.6390° E, 23 April 2018, K. Nakazawa 1127.

Tokyo Metro.: Minato-ku, Arisugawanomiya Memorial
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Park, 21 Dec. 2017, S. Suzuki s.n.; ibid., Takao-cho, Mt.
Takao, 6th trail, 380-490 m elev., 35.6250° N, 139.2450° E,
4 Dec. 2017, H. Akiyama 25268 and 25279; Uratakao-cho, 4
Dec. 2017, H. Akiyama 25289; Hachijyo-shi, Isl. Hachijyo,
Mt. Mihara, 680 m elev., 16 May 2013, H. Akiyama s.n.; ibid.,
Mitsune, 300 m elev., 33.10092° N, 139.81438° E, 2 Jan.
2018, H. Ikeda 626 and 629; ibid., Miyake Isl., 55 m elev.,
34.11466° N, 139.4983° E, 29 Dec. 2017, H. Ikeda 618.

Chiba Pref.: Chiba-shi, Otaki-machi, Otaki Prefectural
Park, 45-140 m elev., 35.2832° N, 140.2325° E, 6 March
2019, H. Akiyama 25945, 25946, 25947 and 25948; ibid.,
Wakaba-ku, Noro, Izumi Nature Park, 30 m elev., 35.5803° N,
140.2242° E, 10 March 2019, H. Akiyama 25975.

Kanagawa Pref.: Yokosuka-shi, Umahori-machi, Natural
Education Garden, 35.257222°N, 139.717222°E, 28 July
2017, M. Uzawa 4216; Zama-shi, Iriya, 26 Nov. 2017, A.
Washimi s.n.; ibid., Sagamigahara, 35.5053° N, 139.4299° E,
21 Jan. 2018, A. Washim180121-1; Yamakita-machi, Kurokura
forest road, 29 Nov. 2017, H. Suzuki 171129-A01h; Hatano-
shi, Nishiyama forest road, Kansuke bridge, 29 Nov. 2017, H.
Suzuki 171129-E09h; Fujisawa-shi, Enoshima, 35.2995° N,
139.4806° E, 14 Jan. 2018, A. Washimi 20180114-1.

Yamanashi Pref.: Hayakawa-cho, Akazawa, 452 m
elev., 35.402953° N, 138.373904°E, 6 May, H. lkeda 651;
Minamikoma-gun, Nanbu-cho, 900 m elev., 35.210561° N,
138.426463° E, 6 Nov. 2019, H. lkeda 701.

Shizuoka Pref.: Shizuoka-shi, Suruga-ku, Yahatayama
Park, 48 m elev., 34.970699° N, 138.402160° E, 21 Jan. 2018,
T. Kawakami s.n.

Nagano Pref.: Karuizawa-cho, Nagakura, Shiraitonotaki
trail, 26 Nov. 2017, A. Yoshida 46; Chino-shi, Mugikusa-pass,
ca. 2100 m elev., Jigokutani, 30 June 2018, M. Shimadate s.n.;
Kiso-machi, Kaidakougen, Nishino, 1128 m elev., 35.928172°
N, 137.581123° E, 30 Aug. 2018, H. Akiyama 25697; Nagiso-
machi, Oshide, 623 m elev., 35.56237° N, 137.61724° E, 30
Aug. 2018, H. Akiyama 25702; Tida-shi, lida Pass, 1220 m
elev., 35.55606° N, 137.73500° E, 30 Aug. 2018, H. Akiyama
25709; Toyone-mura, Sakauba, 890 m elev., 35.186686° N,
137.675099° E, 31 Aug. 2018, H. Akiyama 25722; Anan-cho,
Shinno, 715 m elev., 35.280175° N, 137.770557° E, 31 Aug.
2018, H. Akiyama 25719 and 25720.

Niigata Pref.: Sado-shi, Mt. Ooji, 575 m elev., 37.959444°
N, 138.483333° E, 22 Oct. 2017, M. Uzawa 4325; Yahiko-
mura, Yahiko Shrine, 60 m elev., 37.706419 N°, 138.825120°
E, 7 Jan. 2018, H. Shirasaki 25201; Gosen-shi, Goyagawa,
50 m elev., 37.705452° N, 139.226432° E, 22 April 2018,
H. Shirasaki 25212; Yuzawa-cho, Mt. Naeba, 959 m elev.,
36.88859° N, 138.744256° E, 17 June 2018, H. Shirasaki
25260, Itoigawa-shi, Kajiyama, entrance of the trail to Mt.
Komagatake, 300 m elev., 36.926111° N, 137.970833° E,
15 July 2018, H. Shirasaki 25278; Murakami-shi, Takane,

Suzugataki, 340 m elev., 38.342500° N, 139.667500°
E, 9 Sept. 2018, H. Shirasaki 25385; ibid., Kitaohdaira,
Ishiguroike, 240 m elev., 38.308333° N, 139.605556° E, 8
Sept. 2018, H. Shirasaki 25372; Iwafune-gun, Sekikawa-
mura, Oishi, Higashimatagawa, 250 m elev., 38.030088° N,
139.577744° E, 25 May 2019, H. Shirasaki 26472.

Toyama Pref.: Tateyama-cho, Tateyama, Takimidai, 1250
m elev., 36.5783° N, 137.4936° E, 30 Oct. 2019, N. Sakai
s.n.; Toyama-shi, Arimine, Oritate, 1360 m elev., 36.48253°
N, 137.47467° E, 29 Aug. 2018, H. Akiyama 2567; Nanto-shi,
Narude, 376 m elev., 36.35203° N, 136.87193° E, 27 Aug.
2018, H. Akiyama 25668 (intermingled with C. orientalis).

Ishikawa Pref.: Hakusan-shi, Shiramine, around the
entrance of Tani tunnel, 230 m elev., 36.08928° N, 136.52916°
E, 27 Aug. 2018, H. Akiyama 25659; ibid., Aratani, 690 m
elev., 36.14514° N, 136.5893° E, 27 Aug. 2018, H. Akiyama
25660; ibid., Chugu, backyard of Exhibition Center building,
600 m elev., 36.261304° N, 136.76056° E, 27 Aug. 2018, H.
Akiyama 25662.

Fukui Pref.: Eiheiji-cho, Ichinono, 36.051474° N,
136.328904° E, 9 June 2018, Y. Oishi 20180609-1;
Katsuyama-shi, Muraoka-cho, Tochikamidani, 230 m elev.,
36.08928° N, 136.52916° E, 27 Aug. 2018, H. Akiyama
256509.

Gifu Pref.: Hida-shi, Kamioka-cho, Iwatani, 880 m elev.,
36.39347° N, 137.38170° E, 29 Aug. 2018, H. Akiyama
25688; Takayama-shi, Asahi-machi, Suzuran Park, 720 m
elev., 36.08960° N, 137.32796° E, 30 Aug. 2018, H. Akiyama
25693; ibid., Manyu, 745 m elev., 36.08839° N, 137.35355°
E, 30 Aug. 2018, H. Akiyama 25695; Ibigawa-cho, Sakauchi-
Kawakami, 470 m elev., 35.602567° N, 136.338744° E, 30
Jan. 2020, Y. Kasai 8147; Yamagata-shi, Kanzaki, Natusaka-
taniguchi, 210 m elev., 35.637505° N, 136.704276° E, 30 Jan.
2020, Y. Kasai 8149; Yoro-cho, Takahayashi 1298-2, 27 July
2018, A. Yoshida 57.

Aichi Pref.: Seto-shi, Iwama-machi, A. Sakuragi 148; Toei-
cho, Nakashidara, 360 m elev., 34.095293° N, 137.673064°
E, 31 Aug. 2018, H. Akiyama 25725; Shidara-cho, Tashiro,
390m elev., 35.063869° N, 137.610102° E, 31 Aug. 2018,
H. Akiyama 25727; Shinshiro-shi, Hotokezaka-toge Pass,
517 m elev., 35.046727° N, 137.582414° E, 31 Aug. 2018,
H. Akiyama 25728; ibid., Kadotani, Hirasawa, 200 m elev.,
34.972289° N, 137.566290° E, 31 Aug. 2018, H. Akiyama
25729; ibid., Horaiji-san, at the entrance of Akibamichi trail,
230 m elev., 34.972253° N, 137.579848° E, 31 Aug. 2018, H.
Akiyama 25730: ibid., Kawai, Chichiiwa valley, 379 m elev.,
35.025278° N, 137.662778° E, 2 April 2020, M. Chishiki
6183; Seto-shi, Yoshino-cho, Kaishonomori Park, Aug. 2018,
F. Noda s.n.

Mie Pref.: Matsusaka-shi, litaka-cho, Hachisu, Miyanotani
valley, 450-600 m elev., 34.340278° N, 136.146111° E., 18
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May 2017, H. Akiyama 24974; ibid., Nonoguchi, 160 m elev.,
6 June 2018, N. Morita s.n.; ibid., Sakanai-cho, 205 m elev.,
34.536074° N, 136.430977° E, 3 Oct. 2019, N. Morita 7;
Nabari-shi, Nagaki, 14 June 2017, H. Akiyama s.n.; Shima-shi,
Isobe-cho, Erihara (Amano-iwato), 100 m elev., 34.407883°
N, 136.763456° E, 20 Dec. 2015, H. Akiyama 24319; ibid.,
Akame-cho, Akame-keikoku valley, 300 m elev., 34.563333°
N, 136.085556° E, H. Akiyama 24882; ibid., Nagasaka,
235 m elev., 35.5849° N, 136.0843° E, 26 Nov. 2017, H.
Akiyama 25261; Tsu-shi, Ichishi-cho, Haze, 34.627069°
N, 136.383303° E, 16 Nov. 2017, E. Tamura 4443; ibid,.
34.629869° N, 136.382717° E, E. Tamura 4448; Iga-shi,
Suwa, 7 April 2019, Y. Ohshima s.n.; ibid., Yubune, 220 m
elev., 34.846793° N, 136.176685° E, 29 Oct. 2018, N. Morita
s.n.; Inabe-shi, Fujiwara-cho, Oogaito, Mt. Fujiwara, 287 m
elev., 35.1674° N, 136.4639° E, 3 April 2018, M. Chishiki
5843; ibid., Mt. Oike, 712m elev., 35.1886° N, 136.4239° E, 4
April 2018, M. Chishiki 5845 (intermingled with C. toyotae);
Higashioumi-shi, Ohwada-cho, 411 m elev., 35.103333° N,
136.4005555° E, 5 April 2018, M. Chishiki 5847; Kameyama-
shi, Atimoto-cho, 8 May 2018, Y. Ohshima s.n.; Kihoku-
cho, Soga, Fudodani valley, 390 m elev., 34.1282618° N,
136.1446538° E, 18 July 2018, N. Morita 20180718-1;
ibid., Miura, 55 m elev., 34.157504° N, 136.266475° E, 22
Oct. 2018, N. Morita s.n.; Kuwana-shi, Tado-machi, Tado,
35.134583° N, 136.613472° E, 5 Nov. 2018, T. Fukuda s.n.;
Minami-Ise-machi, Higashimiya, 35 m elev., 34.266921° N,
136.549475° E, 11 Sept. 2019, N. Morita s.n.; Kumano-cho,
Kushiya-cho, 23 m elev., 33.864785° N, 136.066457° E, 30
Oct. 2018, Y. Ohshima 20181030-1; Owase-shi, Sugari-machi,
Niu, 90 m elev., 14 July 2019, H. Doei 25181.

Shiga Pref.: Maibara-shi, Kaminyu, Samegai-valley, 200
m elev., 35.2953° N, 136.3422° E, 8 July 2017, H. Akiyama
25072 and 25073; ibid., Kotsuhara, Oku-Ibuki, 510 m elev.,
35.503333° N, 136.375000° E, 8 July 2017, H. Akiyama
25083; ibid., Azusakawachi, upper reach of Azusagawa, 215
m elev., 35.316667° N, 136.378056° E, 14 Nov. 2018, Y.
Kasai 6704; Takashima-shi, Kutsuki-Murai, Yokotani valley,
215 m elev., 35.308889° N,135.892222° E, 23 Nov. 2017,
Y. Kasai 5357; ibid., Katsuno, 95 m elev., 35.291667° N,
136.006389° E, Nov. 2017, Y. Kasai 5360 and 5361; Ohtsu-
shi, Sakamoto, Hiyoshi Shrine, Nishihongu-Higashihongu,
160 m elev., 6 Jan. 2018, K. Nakazato 103, 104 and 106;

Kyoto Pref.: Kyoto-shi, Sakyo-ku, Hounenin temple, 95
m elev., 35.022778° N, 135.797222° E, 18 June 2017, H.
Akiyama s.n.; ibid., Nishikyo-ku, Arashiyama, Genrokuzan-
cho, T. Saeki 4343; ibid., Saiho-ji temple, 8 Feb. 2019, H.
Akihyama s.n.; Nantan-shi, Miyama-cho, Ashu, 412 m elev.,
35.320000° N, 135.720278° E, 30 Oct. 2018, M. Chishiki
5865.

Osaka Pref.: Osaka-shi, Nishi-ku, Utsubo Park, 23 June

2011, H. Akiyama s.n.; ibid., Chuo-ku, Osaka Chamber of
Commerce and Industry, 5 m elev., 34.6841° N, 135.5113°
E, 5 Feb. 2018, K. Nakasato 00108; Kawachinagano-shi,
Kagata, 505 m elev., 34.22° N, 135.33° E, 4 March 2018,
S. Sakiyama 2018030412; Takatsuki-shi, Nakahata, 383 m
elev., 34.9611° N, 135.6075° E, 14 March 2018, K. Nakasato
00109; Shimamoto-cho, Honmachi, 94 m elev., 34.8833° N,
135.6500° E, 29 March 2018, H. Tsuji 425.

Nara Pref.: Kawakami-mura, Koudako, 350 m elev.,
34.287299° N, 135.989392° E, 16 Jan. 2018, M. Kimura
8423, 8424 and 8425; ibid., Ikari, 780 m elev., 34.34073° N,
136.00950° E, 18 Jan. 2018, M. Kimura 8427; ibid., Ootenjyo
Waterfall, 1040 m elev., 34.285377° N, 135.923082° E, 28
May, 2018, M. Kimura 8470; Tenkawa-mura, Dorogawa,
in the vicinity of Godaimatu limestone cave, 900 m elev.,
34.2651° N, 135.8950° E, 20 Oct. 2019, T. Saeki 5210;
Kashiba-shi, Mt. Futakami, 95-230 m elev., 34.534444-5461°
N, 135.675556-6819° E, 7 Jan. 2018, T. Kano 5802, 5804,
5806, 5808 and 5809; Totsukawa-mura, Tamakigawa, Tamaki
Shrine, 1000 m elev., 33.926654° N, 135.829232° E, 16 May
2019, M. Kimura 8585.

Wakayama Pref.: Wakayama-shi, Tomoga-shima Isl., 28
m elev., 34.2828° N, 135.0047° E, 28 Oct. 2020, H. Doei
26148; Tanabe-shi, Gomanodanzan Forest Park, ca. 1100 m
elev., 15 July 2018, H. Doei 24698 and 24699; ibid., Ryujin-
mura, Omatagawa, Kamise, 450 m elev., 16 July 2018, H.
Doei 24723; ibid., Hongu-cho, upper reach of Ohto river,
Nakagoya-dani, 380 m elev., H. Doei 24807; Katuragi-cho,
Hanazono, Yanase, 650 m elev., 15 July 2018, H. Doei 24700;
Susami-cho, Hirose-dani, Kotonotaki forest road, 200 m
elev., 5 Aug. 2018, H. Doei 24750, 24764 and 24774; Shingu-
shi, Kumanogawa-cho, Unehata, upper reach of Wadagawa
river, 250 m elev., 2 Aug. 2018, H. Doei 24740 and 24743,
ibid., Kamatsuka, Seikantoro, 180 m elev., H. Doei 24885;
ibid., 180 m elev., 18 Aug. 2018, H. Doei 24875; Kushimoto-
cho, Sabe, 5 m elev., 33.551553° N, 135.863800° E, 24 Nov.
2018, Y. Kasai 6704; Nachikatsuura-cho, Nagai, 14 m elev.,
33.598928° N, 135.873671° E, 24 Nov. 2018, Y. Kasai 6712;
Tomogashima 28 Dec. 2020, H. Doei 26148 (small type).

Hyogo Pref.: Kawanishi-shi, Hitokura Park, 232 m elev.,
34.9180° N, 135.4197° E, 1 July 2017, H. Akiyama s.n.;
Kami-cho, Muraoka, Uwano-kogen, 600 m elev., 35.429598°
N, 134.583142° E, 26 Sept. 2018, H. Akiyama s.n.: Aogaki-
cho, H. Akiyama s.n.; Sanda-shi, Aimoto, 10 June 2017, H.
Akiyama s.n.; Tanba-shi, Kasuga-cho, Tari, Higaoku valley,
160 m elev., 35.182222° N, 135.149722° E, 14 May 2017,
H. Akiyama 24972; Tatsuno-shi, Shingu-cho, Tsunokame,
34.937246° N, 134.451306° E, 8 Setp. 2020, H. Akiyama
26392 (distributed as exicatae from HIRO); Kamigori-
cho, Koto, 34.922994° N, 134.449417° E, 8 Sept. 2020, H.
Akiyama 26400 (samll type); Kobe-shi, Suma-ku, Yokoo,
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Tsubakiyama Park, 150 m elev., 34.665417° N, 135.113417°
E, 3 Jan. 2018, K. Nakasato 00103; Shinonsen-cho, Hanasaka,
35.6187° N, 134.4461° E, 21 June 2018, M. Michimori s.n.;
Yabu-shi, summit of Mt. Hyonosen, 1490 m elev., 35.3546°
N, 134.5138° E, 9 Oct. 2018, H. Akiyama 25772 (intermingled
with Sandea japonica); ibid., Ohya-cho, Yokoiki-keikoku
valley, 980 m elev., 35.3409° N, 134.5276° E, 9 Oct. 2018,
H. Akiyama 25797; Kinosaki-cho, Ueyama, 10 Apr. 2021, T.
Suzuki s.n.

Tottori Pref.: Hino-gun, Kofu-cho, Ebi, 175 m elev.,
35.285959° N, 133.492384° E, 20 March 2018, A. Kato s.n.;
ibid., Mitsukue, 600 m elev., 35.28° N, 133.49° E, 25 March
2018, A. Kato s.n.; ibid., 17 Oct. 2019, T. Kano 646; ibid.,
Miyaichi, 438 m elev., 35.293735° N, 133.534924° E, 26 Aug.
2019, H. Akiyama 26065; Tottori-shi, Aoya-cho, Hatsushoji,
96 m elev., 35.475070° N, 133.983014° E, 7 Jan. 2018, A.
Yoshida 51 and 52; ibid., Uemachi, Ouchidani Park, 20 m
elev., 35.5007° N, 134.2485° E, 30 July 2018, A. Yoshida
54; Saji-cho, Ohi, 133 m elev., 35.3382° N, 134.1531° E, 26
Aug. 2019, H. Akiyama 26096; Kurayoshi-shi, Sekikane-cho,
Inubasari pass, 517 m elev., 35.3193° N, 133.7207° E, 26
Aug. 2019, H. Akiyama 26090; Nichinan-cho, Yato, beneath
Dainyu pass, 400 m elev., 35.1635° N, 133.2530° E, 26 Aug.
2019, H. Akiyama 26092; Misasa-cho, Kijiyama, 394 m elev.,
35.3153° N, 133.8778° E, 26 Aug. 2019, H. Akiyama 26094.

Shimane Pref.: Ota-shi, Sanbe-cho, Tane, foot of Mt.
Sanbe, 230 m elev., 34.1767° N, 134.6000° E, 15 April 2018,
T. Yamaguchi 39109; ibid., Tkeda, foot of Mt. Sanbe, 610 m
elev., 34.1505° N, 132.6283° E, 15 April 2018, T. Yamaguchi
39100; Hamada-shi, Misumi-cho, Shimokoraiguchi, 116
m elev., 34.735624° N, 134.006663° E, 22 Feb. 2019, M.
Ohta s.n.; Oki-gun, Okinoshima-cho, Saigo, 215 m elev.,
36.263333°N, 133.296667°E, 16 June 2018, T. Tango 01419;
Okuizumo-cho, Takezaki, 520 m elev., 35.1969° N, 133.1710°
E, 26 Aug. 2019, H. Akiyama 26093; Izumo-shi, Sada-cho,
Ichikubota, 97-104 m elev., 35.245189° N, 132.689659° E,
27 Aug. 2019, H. Akiyama 26097 and 26098; ibid., Sada-cho,
Ichikubota, 97 m elev., 35.2427° N, 132.6799° E, 27 Aug.
2019, H. Akiyama 26098; Iinan-cho, Shitumi, 365 m elev.,
35.1288° N, 132.6813° E, 27 Aug. 2019, H. Akiyama 26099;
ibid., Tsunoi, 574 m elev., 35.141938° N, 132.64041° E, 27
Aug. 2019, H. Akiama 26100; Gotsu-shi, Sakurae-cho, en
route to Kan'non Fall, 63 m elev., 34.947790° N, 132.449343°
E, 27 Aug. 2019, H. Akiyama 26101 and 26102.

Okayama Pref.: Okayama-city,Kita-ku,Korakuen,
Okayama Korakuen Garden 34.668806° N, 133.935457° E, E.
Tamura 4462; Kita-ku, Shinjyo-shimo, 8 m elev., 34.673817°
N, 133.810307° E, 21 Feb. 2018, N. Nishihara s.n.; Niimi-
shi, Hongo, 34.941111° N, 133.418333° E, 10 July 2017, H.
Akiyama25101; Wake-cho, Taga, Nature Conservation Center,
203 m elev., 34.851667° N, 134.054167° E, 25 March 2018,

M. Chishiki 5840 and 5841; Maniwa-shi, Kanba, Kanba
Waterfall, 345 m elev., 35.115000° N, 133.680556° E, 21 Sept.
2018, M. Chishiki 5867; Kagamino-cho, Okutsu-Kawanishi,
340 m elev., 35.2142° N, 133.9117° E, 9 March 2020, M.
Chishiki 5921; Maniwa-shi, Kanba, Kanbanotaki waterfall,
345-377 m elev., 35.115000-116111° N, 133.679167-680556°
E, 21 Sept. 2018, M. Chishiki 5866 and 5867; ibid., Hiruzen-
bessho, 522 m elev., 35.292856° N, 133.778445° E, 26 Aug.
2019, H. Akiyama 26091; Kagamino-cho, east of Nigyo-toge
Pass, 670 m elev., 35.309278° N, 133.948211° E, 26 Aug.
2019, H. Akiyama 26088.

Hiroshima Pref.: Hatsukaichi-shi, Miyajima Isl., en
route from Tatara to Okunoin temple, 250 m elev., 34.2772°
N, 132.3092° E, 9 April 2018, S. Uchida s.n.; Shobara-shi,
Tojo-cho, Kami-Taishakukyo, 410 m elev., 34.865278° N,
133.206389° E, 10 July 2017, H. Akiyama 25096; ibid., 14
March 2018, H. Akiyama 25439; ibid., Saiiki-cho, Hirako,
450 m elev., 34.9025° N, 133.1306° E, 17 June 2018, T.
Yamaguchi 39111.

Yamaguchi Pref.: Mine-shi, Taishodo limestone cave, 160
m elev., 34.2771° N, 131.3187° E, 8 Dec. 2017, M. Hayashi
25598; ibid., Syuho-cho, Akiyoshi, Syuhodo Cave, 80 m elev.,
34.2253° N, 131.3050° E, 25 Oct. 2018, M. Hayashi 27162;
Yamaguchi-shi, Ato, Izumonaka, Chomon-kyo valley, 169 m
elev., 34.3195° N, 131.5660° E, 16 Dec. 2017, M. Hayashi
26190; ibid., Tada, 10 m elev., 34.279833° N, 132.173250° E,
18 March 2018, T. Yamaguchi 39103; ibid., Atotokusashita,
286 m elev., 34.3742° N, 131.6890° E, 27 Aug. 2019, H.
Akiyama 26103; Hagi-shi, Fukue, M. Hayashi 26366, Syunan-
shi, Miyanoshita, Takatobara-hachiman Shrine, 27 m elev.,
34.0852° N, 131.7159° E, 4 Feb. 2018, M. Hayashi 25671;
Nagato-shi, Shibuki, 230 m elev., 34.290680° N, 131.185459°
E, 31 Aug. 2019, N. Morita s.n.;

Tokushima Pref.: Katsuura-cho, Tanano, Tachikawa
Valley, 120-390 m elev., 24 June 2017, H. Akiyama 25058,
25059 and 25060; ibid., Mamidani, 410 m elev., 33.870222°
N, 134.453972° E, 24 June 2017, H. Akiyama 25062 and
25063; ibid., 410 m elev., H. Akiyama 25254; Kamikatsu-
cho, Shokuta, 290 m elev., 33.873611° N, 134.415000° E, 24
June 2017, H. Akiyama 25064, 25065 and 25068; Miyoshi-
shi, Higashiiya, Sugeoi, in the vicinity of Nishijima cable
station, 1717 m elev., 33.85944° N, 4.093056° E, 7 Oct.
2019, M. Chishiki s.n.; Mima-gun, Tsurugi-machi, Ichiu, 31
March 2018, Y. Asakawa s.n.; ibid., Sadamitsu, 183 m elev.,
33.982222° N, 134.076944° E, 06 Oct. 2019, M. Chishiki s.n.;
Kaiyo-cho, Aikawa, 65 m elev., 33.646111° N, 134.275833°
E, 25 March 2017, H. Akiyama 24916.

Kochi Pref.: Agawa-gun, Niyodogawa-cho, Nakatsu-
keikoku, 3 Nov. 2019, S. Suzuki s.n.; Agawa-gun, Ino-cho,
Kase, 33.7793° N, 133.3070° E, 27 March 2018, T. Yamaguchi
39105; ibid., Kuwase, entrance of the trail to Mt. Kanpuzan,
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1208 m elev., 33.7989° N, 133.2653° E, 24 Sept. 2018, M.
Chishiki 5859; ibid., Mt. Kanpuzan, 1130 m elev., 33.79953°
N, 133.26631° E, 28 Oct. 2018, K. Iwata 4503; (intermingled
with C. purpureorubum western type); Tosashimizu-shi,
Ashizurimisaki, 90 m elev., 37.7308° N, 133.0131° E, 29
March 2018, T. Yamaguchi 39107 and 39150; Umaji-mura,
Yanase, 457-568 m elev., 33.655278° N, 134.081389° E, 24
April 2018, M. Chishiki 5850-A, 5850-B and 5851; Aki-shi,
Furui, 159 m elev., 33.933056° N, 133.981389° E, 24 April
2018, M. Chishiki s.n.; Okawa-mura, Takano, 349 m elev.,
33.790000° N, 133.422222° E, 25 Sept. 2018, M. Chishiki
5860 and 5861.

Kagawa Pref.: Man’no-cho, Katsuura, 430 m alt.,
34.096944° N, 134.001944° E, 9 Feb. 2020, M. Saji 2872 and
2873; ibid., Shioiri, Noguchi Dam, 6 Feb. 2020, M. Saji 2875;
Mitoyo-shi, Saita-cho, Saitanaka, 34.097° N, 133.770° E, 9
Feb. 2020, M. Saji 2874.

Ehime Pref.: Saijyo-shi, Nishinokawa, 440 m elev.,
33.80143° N, 133.15485° E, 15 Jan. 2018, K. lwata 3753;
ibid., Nakaoku, 195 m elev., 33.8647° N, 133.1786° E, 15 Jan.
2018, K. lwata 3752; Yawatahama-shi, Yashiro, 35 m elev.,
33.442688° N, 132.428329° E, 3 April 2018, K. lwata 4100;
Ohsu-shi, Hijikawa-cho, Ohtani, Mt. Gozaisho, 560 m elev.,
33.43639° N, 132.63692° E, 3 April 2018, K. lwata 4104,
Ino-cho, Kuwase, Mt. Kanpuzan, 1130 m elev., 33.79953°
N, 133.26631° E, 28 Oct. 2018, K. Iwata 4503; Uchiko-cho,
Nakagawa, Odamiyama Valley, 800 m elev., 33.5312° N,
132.8940° E, 22 March 2019, K. lwata 4767.

Fukuoka Pref.: lizuka-shi, Yakiyama, Yakiyama Camping
Site, 180 m elev., 33.650355° N, 130.597744° E, 11 March
2018, H. Akiyama 25390; Kawara-machi, Saido-sho,
Gotokugoe-Pass, 260 m elev., 33.693209° N, 130.839314°
E, 12 March 2018, H. Akiyama 25400; Fukuoka-shi, Mt.
Seburi, 857 m elev., 33.434861° N, 130.360528° E, 10 Oct.
2018, A. Tanaka 20181010-2; ibid., Higashi-ku, Shimohara,
Mt. Tachibana, 33.677206° N, 130.464767° E, 2 Nov. 2018,
A. Tanaka 20181102; Kitakyushu-shi, Kokuraminami-
ku, Hiraodai, Senbutsudo Cave, 300 m elev., 33.7543° N,
130.9047° E, 12 March 2018, H. Akiyama 25402; Ttoshima-
shi, Northeastern slope of Mt. lhara, Mizunashi Valley,
530-650 m elev., 33.4820° N, 130.2618° E, 20 March 2020,
H. Akiyama 26328; Dazaifu-shi, Uchiyama, Mt. Homansan,
632 m elev., 33.536111° N, 130.566389° E, 28 Sept. 2020, M.
Chishiki s.n.

Saga Pref.: Tosu-shi, Tateishi-cho, Ochouzu camping
site, 33.384047° N, 130.456036° E, 27 Nov. 2017, T. Ohya
430; Saga-shi, Fujimi-cho, Kamikumagawa, 33.361796°
N, 130.219398° E, 25 Nov. 2017, T. Ohya 431; Takeo-shi,
Yamauchi-cho, Miyano, 33.2226614° N, 129.915337° E, 29
Nov. 2017, T. Ohya 432; Kashima-shi, Yamaura, 460 m elev.,
32.9978° N, 130.0617° E, 25 Jan. 2020, T. Ohya 460; Tara-

cho, Tara, Mt. Tara, 893 m elev., 32.975000° N, 130.091111°
E, 8 Oct. 2020, M. Chishiki s.n.

Nagasaki Pref.: Nagasaki-shi, Kounoura, Kitaoonakao-
machi, Nagasaki Prefectural Forest, 31 Aug. 2019, M.
Matsumoto s.n.; Ohmura-shi, Kamisuwa, Yamada Fall, 32.
923889° N, 129. 979444° E, 17 May 2018, A. Tanaka s.n.;
ibid., Kuroki-cho, entrance of Mt. Kyogatake, 314 m elev.,
32.977500° N, 130.057500° E, Oct. 2020, M. Chishiki s.n.;
ibid., Mt. Taradake, 779 m elev., 32.973333° N, 130.083056°
E, 8 Oct. 2020, M. Chishiki s.n.; Kamigoto-cho, Tainouragou,
18 m elev., 32.945833° N, 129.101944°E, 19 Oct. 2020, M.
Chishiki s.n.; ibid., Arakawagou (San’noyama shrine), 421
m elev., 32. 32.933056° N, 129. 053056° E, 20 Oct. 2020,
M. Chishiki s.n.; Tsushima-shi, Mitushima-cho, Sumo, 351
m elev., 34.26366611° N, 129.251666° E, 1 Oct. 2020, M.
Chishiki s.n.; ibid., Kamiagata-cho, Sago, Mt. Mitake, 456 m
elev., 2 Oct. 2020, M. Chishiki s.n.

QOita Pref.: Anshin'in-machi,Ukenokuchi, Iwaya, 245 m
elev., 33.3809807° N, 131.3595792° E, 12 March 2018, H.
Akiyama 25406; Yufuin-machi, Tsukahara, in the vicinity of
Yufuin Parking Area, 620 m elev., 33.308891° N, 131.403855°
E, 12 March 2018, H. Akiyama 25414 and 25415; Saiki-shi,
Honjyo, Onagara, in the vicinity of Onagara Limestone Cave,
40 m elev., 32.948952° N, 131.756136° E, 13 March 2018,
H. Akiyama 25425; Usuki-shi, Nodzu, Iwaya, 125 m elev.,
32.996332° N, 131.706531° E, 13 March 2018, H. Akiyama
25428; Bungoohno-shi, Mie-machi, Asase, Sugao-Sekibutu,
80 m elev., 33.0245 ° N, 131.6162° E, 23 Oct. 2019, N.
Nishihira 5210.

Miyazaki Pref.: Nichinan-shi, Obi, Obi castle, M. Uzawa
4064, ibid., Inohae, M. Uzawa 4069; ibid., Sakatani, Taneda,
34 m elev., 31.6128° N, 131.3270° E, 2 Sept. 2017, H.
Akiyama 25203 and 25205; ibid., Kusuhara, Toshi Shrine, 38
m elev., 31.6241° N, 131.3467° E, 2 Sept. 2017, H. Akiyama
25206; ibid., Sakatani, Kobuse-no-taki Fall, 140 m elev.,
31.6373° N, 131.2464° E, 2 Sept. 2017, H. Akiyama 25197,
25198 and 25200; Gokase-cho, foot of Mt. Shiraiwa, 1470 m
elev., 1 Nov. 2017, M. Matsumoto s.n.; Nobeoka-shi, 600 m
elev., 2 Nov. 2017, M. Matsumoto s.n.; Ebino-shi, Ohkoubira,
32.067526° N, 130.913792° E, 4 Feb. 2018, M. Matsumoto
180204-1; Tsuno-cho, Kawakita, Osuzu Valley, parking lot,
400 m elev., 32.2855° N, 131.4661° E, 22 May 2019, H.
Akiyama 26014.

Kumamoto Pref.: Minamioguni-machi, Manganji, 560
m elev., 33.084917° N, 131.104434° E, 13 March 2018, H.
Akiyama 25434; Hitoyoshi-shi, Shikame-taki Waterfall, 260 m
elev., 32.1937° N, 130.6945° E, 25 July 2018, M. Matsumoto
20180725-3.

Kagoshima Pref.: Yakushima-cho, Yakushima Isl., side
branch of Anbo road, between Kigensugi and Kawakamisugi,
1260 m elev., 30.303724° N, 130.542297° E, 31 Aug. 2016, H.
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Akiyama 24743; ibid., Hanaage river, 126 m elev., 30.291321°
N,130.627913° E, 31Aug. 2016, H. Akiyama s.n. (small
type); ibid., Nakama, 88 m elev., 30.259044° N, 130.445875°
E, 11 March 2018, N. Hayashida 714; ibid., Nakama forest
road, 223 m elev., 11 March 2018, N. Hayashida 715;
Amami-oshima Isl., Uken-son, Arangachi, Arangachi-Fall,
30 m elev., 28.270611° N, 129.323583° E, 14 Jan. 2016,
H. Akiyama24421; ibid., Yamato-son, foot of Mt. Yuwan,
Materia-Fall, 180 m elev., 28.316694° N, 129.351222°
E, 13 Jan. 2016, H. Akiyama 24402; Tokunoshima Isl.,
Tokunoshima-cho, Kamezu, 80 m clev., 27.746718° N,
128.998488° E, 17 Jan. 2019, H. Akiyama 25906; ibid.,
Amagi-cho, Nishiakkona, 110 m elev., 27.767520° N,
128.95081° E, 17 Jan. 2019, H. Akiyama 25907, ibid.
western foot of Mt. Inokawa, 137-155 m elev., 27.777149°
N, 128.951944° E, 17 Jan. 2018, H. Akiyama 25908 and
259009; ibid., Isen-cho, Kojima, 135 m elev., 27.742416° N,
128.921666° E, 17 Jan. 2019, H. Akiyama 25910.

Okinawa Pref.: Kunigami-son, Hiji, between entrance gate
to Hijiohtaki Fall, 20 m elev., 26.7172° N, 128.1832° E, 7 Feb.
2018, H. Akiyama 25372 and 25373; ibid., Aha, Tanagagumui-
waterfall, 59 m elev., 26.724722° N, 128.286667° E, 21
March 2018, M. Chishiki 5839; Ogimi-son, Ada, just above
the Ingah Bridge, 70 m elev., 26.7621° N, 128.3037° E, 7 Feb.
2018, H. Akiyama 25375; Ogimi-son, Tsuha, between entrance
to Tahtaki Fall, 40 m elev., 26.6325° N, 128.0933° E, 6 Feb.
2018, H. Akiyama 25347 and 25349.

TAIWAN.

Nantou Co.: Lugu township, Xitou Forest Recreation Area,
1200-1300 m elev., 23.6709° N, 120.7975° E, 2 June 2018,
H. Akiyama 25644, 25652 and 25656.

Chiayi Co.: Alishan, Shih Meng Gu, 1463 m elev.,
23.562778° N, 120.774722° E, May 2018, K.-Y. Yao 7655.

Yilan Co.: Datong Township, Taiping Mountain Forest
Resort, 1 April 2019, H. Fujii s.n..

C. orientalis J2 type
JAPAN.

Mie Pref.: Komono-cho, summit area of Mt. Gozaisho,
Choyodai Park, 1200 m elev., 35.0204° N, 136.4191° E, 21
May 2017, N. Morita s.n.

Nara Pref.: Totsukawa-mura, Tamakigawa, Tamaki Shrine,
1000 m elev., 33.926654° N, 135.829232° E, 16 May 2019,
M. Kimura 8585.

Tokushima Pref.: Anan-shi, around Hanasaka, 70 m
elev., 33.858056° N, 134.591111° E, 25 March 2017, H.
Akiyama 24892; Hiwasa-cho, around Okugata, 10 m elev.,
33.724167° N, 134.511111° E, 25 March 2017, H. Akiyama
24893; Tokushima-shi, Yamashiro, Nishihama, Tokushima
Bunri University, 34.0534° N, 134.5574° E, 8 March 2018, H.
Akiyama 25379 (transplanted population).

C. orientalis J3 type
JAPAN.

Hokkaido Pref.: Shari-cho, Raiun, 55-65 m elev.,
43.833056° N, 144.642694° E, 13 July 2017, A. Uchida
20170007 (Hokkaido-4); Ibid., Fuji, Mt. Shari, 310-320 m
elev., 43.804694° N, 144.768389° E, 30 July 2017, A. Uchida
20170017 (Hokkaido-8); Kamikawa-cho, Soun-kyo, 650-
750 m elev., 43.721639° N, 142.956250° E, 4 Aug. 2017, A.
Uchida 20170024 (Hokkaido-12); Kamishihoro-cho, Nukapira
nature trail, 536 m elev., 43.367092° N, 143.189809° E, Y.
Oppata 3611; Sapporo-shi, Minamiku, Ishiyama Park, 1
Aug. 2019, T. Saeki 5160; Tomakomai-shi, Tarumae, foot
of Mt. Tarumae, Shindomon, 385 m elev., 42.673056° N,
141.433889° E, 29 April 2020, K. Izumida TRM-020.

Aomori Pref.: Hirosaki-shi, Osuke, 125-175 m elev.,

40.566750° N, 140.339583° E, 22 Aug. 2017, A. Uchida
20170030 (Hirosaki-3); Hirosaki-shi, Nishimeya-mura,
Tshiro, Chichibogataki Fall, 114 m elev., 40.569444°N,
140.295278°, 5 July 2020, M. Chishiki s.n.; Fukaura-machi,
Iwasaki, 133 m elev., 40.5826° N, 139.9887° E, 25 Aug. 2019,
M. Sawada 20190825-1; Towada-shi, Takada, Mts. Hakkouda,
Tsuta-onsen, 520 m elev., 40.598889° N, 140.950278° E, 18
Oct. 2018, T. Yamaguchi 39374; ibid., Oirase-keikoku valley,
252 m elev., 40.5500° N, 140.9833° E, 22 Oct. 2018, M.
Sawada 20181022-2; Aomori-shi, Uchimannpe, Mt. Chyobo,
43 m elev., 40.907513° N, 140.597084° E, 17 April 2018, M.
Sawada 20180417-2.

Iwate Pref.: Hanamaki-shi, Osako-machi, Foot of Mt.

Hayachine, en route from Odagoke to Kawaranobou, 1128 m
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elev., 39.540556° N, 141.48500° E, 19 Aug. 2019, M. Uzawa
5140; ibid., 1100 m elev., 39.540000° N, 141.482222° E, 19
Aug. 2019, M. Uzawa 5141.

Akita Pref.: Happou-cho, Minehama, Mizusawa,
Mizusawa Dam, 220 m, 40.3616° N, 140.0976° E., 20 Oct.
2018, M. Takaoka s.n..; Higashinaruse-mura, Iwaigawa,
Kakkyogawa National Forest, Tensho Fall, 440 m elev.,
39.1790° N, 140.7528° E, 18 Aug. 2020, S. Sato TSF 3R.

Fukushima Pref.: Hinoemata-mura, Mt. Hiuchigatake,
Bunazawa Fall, 1246 m elev., 36.983611° N, 139.33333° E,
23 Aug. 2019, S. Nemoto 965.

Niigata Pref.: Yuzawa-cho, Mt. Naeba, Kagura-mitsumata
ski resort, 959 m elev., 36.8886° N, 138.7543° E, 17 June
2018, H. Shirasaki 25620.

Ibaraki Pref.: Kuji-gun, Taishi-cho, Sanuki, Hatuhara
river, 36.843333° N, 140.264167° E, 28 Sept. 2019, M. Uzawa
5197.

Hyogo Pref.: Yabu-shi, Mt. Hyonosen, at the base of
Koshiki-iwa, 1420 m elev., 35.3550° N, 134.5116° E, 9 Oct.
2018, H. Akiyama 25776 and 25780; ibid., Yokoike Valley,
770 m elev., 30 Nov. 2020, H. Akiyama 26468.

Conocephalum purpureorubrum H. Akiyama Eastern Japanese form (FE)

JAPAN.

Fukushima Pref.: Iwaki-shi, Ogawa-machi, Natuigawa
valley, 210 m elev., 37.189444° N, 140.802500° E, 9 Sept.
2019, S. Nemoto 20190909.

Gunma Pref.: Naganohara-machi, Kawarayu, 510
m elev., 36.325406° N, 138.416271° E, 21 Nov. 2018,
K.Nakazawa 7398; ibid., 25 Nov. 2017, A. Yoshida 42;
Fujioka-shi, Shimohino, Kuroishi, 270 m elev., 36.203717°
N, 138.987592° E, 31 Dec. 2017, M. Kimura 8420; Tano-gun,
Ueno-mura, Narahara, near the Oinuana Limestone Cave,
770 m elev., 36.078083° N, 138.737861° E, 30 Dec. 2017, M.
Kimura 8416.

Tochigi Pref.: Nikko-shi, Sannai, 36.76° N, 139.60° E,
27 April 2018, Y. Ohshima s.n.; ibid., Chugu Shrine, 1387
m elev., 36.722680° N, 139.492362° E, 14 June 2018, Y.
Ohshima s.n.; Tochigi-shi, Izuru-cho, Mangannji, 340 m elev.,
36.4667° N, 139.5833° E, 11 May 2018, T. Saeki 4463.

Ibaraki Pref.: Hitachiohta-shi, Mt. Nishikanasa,
36.651922° N, 140450608° E, 28 July 2017, M. Uzawa 4246
and 4247; Hanakawa-cho, Hanazono Shrine, 450 m elev.,
36.860000° N, 140.629167° E, 3 Nov. 2017, M. Uzawa 4350;
ibid., 36.861944° N, 140.626389° E, 19 Nov. 2017, M. Uzawa
4375 (with strong smell of Matsutake mushroom flavor); ibid.,
precinct of Hanazono Shrine, 433 m elev., 36.861163° N,
140.625939° E, 9 March 2019, H. Akiyama 25949 and 25953;
Kuji-gun, Daigo-machi, Sanuki, Hatsuhara river, 36.8422° N,
140.2669° E, 28 Sept. 2019, M. Uzawa 5197 and 5198.

Chiba Pref.: Ichihara-shi, Yoro-keikoku, 1993, H. Akiyama
s.n. (see Akiyama and Hiraoka 1994); Kyonan-machi,
Motona, at the foot of Mt. Nokogiri, 27 m elev., 35.152905°
N, 139.831570° E, 9 Oct. 2018, T. Furuki 25043; Isumi-gun,
Otaki-machi, Otaki Prefectural Park, 80—140 m elev., 35.28°
N, 140.23° E, 6 March 2019, H. Akiyama 25944 and 25947.

Tokyo Metro.: Hachioji-shi, Mt. Takao, 6th trail, 380-490
m elev., 35.6250° N, 139.2450° E, 4 Dec. 2017, H. Akiyama

25272, 25275 and 25281; ibid., 3th trail, 550 m elev.,
35.6250° N, 139°2447° E, 4 Dec. 2017, H. Akiyama 25283;
ibid., Hikage-zawa, 300 m elev., 35.6329° N, 139.2432° E,
4 Dec. 2017, H. Akiyama 25286; Okutama-cho, Nippara, in
the vicinity of Limestone Cave, 630 m elev., 35.8520° N,
139.0405° E, 5 Dec. 2017, H. Akiyama 25293; ibid., Higashi-
Nippara, 615 m elev., 35.8471° N, 139.0388° E, 5 Dec. 2017,
H. Akiyama 25295; ibid., Nippara, Kurasawa, 510 m elev.,
35.8428° N, 139.0625° E, 5 Dec. 2017, H. Akiyama 25301;
Fuchu-shi, Musashidai, Musashidai Park, 65 m elev., 35.6885°
N,139.4611° E, 11 Jan. 2018, A. Yoshida 53; Machida-shi,
Hramachida, 35.547728° N, 139.449807° E, 28 Jan. 2018, A.
Washimi 180128; Oshima-mura, Izu-Oshima Isl., Senzufudo,
34.780777° N, 139.419139° E, 16 Jan. 2020, K. Yanagiba s.n.;
Miyake-mura, Miyake Isl., 55 m elev., 34.11466 N, 139.4983
E, 29 Dec. 2017, H. Ikeda 630.

Kanagawa Pref.: Yamakita-cho, Nakagawa, at the entrance
of Youkizawa, 540 m elev., 35.4720° N, 139.0630° E, Nov.
2017, H. Suzuki 171129-C05h; Hakone-cho, Motohakone,
foot of Mt. Komagatake, 1993, H. Akiyama s.n. (see Akiyama
and Hiraoka 1994); ibid., Bougasawa, 1993, H. Akiyama s.n.
(see Akiyama and Hiraoka 1994).

Nagano Pref.: Matsukawa-cho, Ikuta, 35.598827° N,
137.981398° E, 17 Dec. 2017, M. Ohta 2017121701; Ina-
shi, Ina, foot of Mt. Chausu, 1357 m elev., 35.825031° N,
137.854775° E, 1 July 2018, Y. Oishi 20180701-2; Kiso-
machi, Mitake, 812 m elev., 35.83676° N, 137,63362° E, 30
Aug. 2018, H. Akiyama 25700 and 25701; Nagiso-machi,
Oshide, 623 m elev., 35.56237° N, 137.61724° E, 30 Aug.
2018, H. Akiyama 25703; Tida-shi, Iida Pass, 1220 m elev.,
35.55606° N, 137.73500° E, 30 Aug. 2018, H. Akiyama
25710; Toyone-mura, Sakauba, 890 m elev., 35.186686° N,
137.675099° E, 31 Aug. 2018, H. Akiyama 25723.

Yamanashi Pref.: Hayakawa-cho, Amehata, 35.455733° N,
138.291530° E, 5 May 2018, H. Ikeda 650.
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Shizuoka Pref.: Kawanehon-cho, Kurishiro, 35.182667°
N, 138.159583° E, 22 Dec. 2017, M. Ohta 2017122203.

Aichi Pref.: Okazaki-shi, Ishihara-machi, Kuragari Valley,
452 m elev., 34.920278° N, 137.407778° E, 4 April 2020, M.
Chishiki 6184; Toyone, Sakauba, 890 m elev., 35.186686° N,

137.675099° E, 31 Aug. 2018, H. Akiyama 25723.
TAITWAN.

Nantou Co.: Lugu township, Xitou Forest Recreation Area,
1200-1300 m elev., 23.6709° N, 120.7975° E, 2 June 2018,
H. Akiyama 25642, 25644 and 25655.

Conocephalum purpureorubrum H. Akiyama Western Japanese form (FW)

JAPAN.

Toyama Pref.: Tateyama-machi, Ashikuraji, Buna-saka
National Forest, Hachiro-zaka, 1060 m elev., 36.576821° N,
137.517083° E, M. Michimori 20180830-3.

Gifu Pref.: Ibigawa-cho, Kasugakawai (NE part of Mt.
Ibuki), 1032 m elev., 35.423611° N, 136.433333° E, 3 Aug.
2018, M. Chishiki 5852; Yamagata-shi, Kanzaki, Iodo,
Shiraiwa valley, 325 m elev., 35.662962° N, 136.713374° E,
30 Jan. 2020, Y. Kasai 8150.

Mie Pref.: Nabari-shi, Akame, Senjyutaki Fall, 355 m elev.,
34.461080° N, 136.089106° E, 31 March 2018, H. Akiyama
25533; Kihoku-cho, Soga, Fudodani valley, 466 m elev.,
34.1246613° N, 136.1369683° E, 18 July 2018, N. Morita
20180718-2.

Kyoto Pref.: Kyoto-shi, Nishikyo-ku, Arashiyama,
Genrokuzan-cho, 57 m elev., 35.0136° N, 135.6696° E, H.
Akiyama 25805 (intermingled with C. salebrosum).

Nara Pref.: Kawakami-mura, Ikari, 815 m elev.,
34.342745° N, 136.010077° E, 18 Jan. 2018, M. Kimura
8426; ibid., Ootenjyo Waterfall, 1040 m elev., 34.285377° N,
135.923082° E, 28 May, 2018, M. Kimura 8469; Totsukawa-
mura, Tamakigawa, Mt.Tamaki-san, 1050 m elev., 33.926303°
N, 135.831571° E, 16 May 2019, M. Kimura 8586; ibid.,
Uchihara, in the vicinity of Sasanotaki Waterfall, 480 m elev.,
34.0611° N, 135.8579° E, 5 May 2019, T. Saeki 5039.

Wakayama Pref.: Tanabe-shi, Gomanodanzan Forest
Park, ca. 1100 m elev., 15 July 2018, H. Doei 24688, 24693
and 24696; ibid., Ryujin-mura, 270 m elev., 16 July 2018,
H. Doei 24724; Susami-cho, Hirose-dani, Kotonotaki forest
road, 200 m elev., 5 Aug. 2018, H. Doei 24762; Shingu-shi,
Kumanogawa-cho, Kamatuka, Seikantoro, 110 m elev., 18
Aug. 2018, H. Doei 24874.

Tokushima Pref.: Kaiyo-cho, Aikawa, H. Akiyama 24895,
24896 and 24915; ibid., Todoroki Falls, H. Akiyama 24949;
Katsuura-cho, Tanano, Mamidani, 410 m elev., 33.870222° N,
134.453972° E, 24 June 2017, H. Akiyama 25061; Kamikatsu-
cho, H. Akiyama 25067 and 25069; Mima-shi, Koyadaira,
1359 m elev., 33.8827° N, 134.2055° E, 24 July 2018, M. Saji
1538 and 1539.

Kochi Pref.: Umaji-mura, Yanase, 568 m elev., 24 April

2018, M. Chishiki 5850-B; Ino-cho, Wakinoyama, 1340
m elev., 33.753889° N, 133.365556° E, 27 Sept. 2018, M.
Chishiki 5862 and 5863; ibid., Kuwase, Mt. Kanpu-zan, 1130
m elev., 33.79953° N, 133.26631° E, 28 Oct. 2018, K. lwata
4502.

Ehime Pref.: Saijyo-shi, Oonaru, 195 m elev., 33.8647°
N, 133.1786° E, 15 Jan. 2018, K. lwata 3752; Kumakogen-
cho, Nishitani, 1117 m elev., 33.477500° N, 132.979167° E,
12 Sept. 2018, M. Chishiki 5855; Uchiko-cho, Nakagawa,
Odamiyama Valley, 800 m elev., 33.5312° N, 132.8940° E, 22
March 2019, K. Iwata 4768.

Fukuoka Pref.: lizuka-shi, Yakiyama, Yakiyama Camping
Site, 180 m elev., 33.650355° N, 130.597744° E, 11 March
2018, H. Akiyama 25383, 25386 and 25395; Kitakyushu-
shi, KokuraMinami, Hiraodai, at the entrance of Senbutu
limestone cave, 290 m elev., 33.7543° N, 130.9047° E, 12
March 2018, H. Akiyama 25404, ibid., Ubusune-no-hokora,
33.75089° N, 130.8941° E, 29 Aug. 2019, H. Akiyama 26705
and 26706; Fukuoka-shi, Mt. Seburi, 955 m elev., 33.437678°
N, 130.365909° E, 10 Oct. 2018, A. Tanaka 20181010-
1; ibid., 658 m elev., 33.441389° N, 130.356111° E, 5 Oct.
2020, M. Chishiki s.n.; Itoshima-shi, Northeastern slope of
Mt. Thara, Mizunashi Valley, 530-650 m elev., 33.4820° N,
130.2618° E, 20 March 2020, H. Akiyama 26329; ibid., north
slope of Mt. Raizan, Seiga-no-taki Fall, 510 m elev., 33.4864°
N, 130.8605° E, 20 March 2020, H. Akiyama 26349; Asakura-
shi, Mt. Kosho-san, 539 m elev., 33.481389° N, 130.720278°
E, 28 Oct. 2020, M. Chishiki s.n. (growing side-by-side with
C. salebrosum).

Oita Pref.: Yufu-shi, Yufu-shi, Haginokusakawa,
33.308889° N, 131.211389° E, 18 March 2017, M. Uzawa
4060; Yufuin-machi, Tsukahara, in the vicinity of Yufuin
Parking Area, 620 m elev., 33.308891° N, 131.403855° E, 12
March 2018, H. Akiyama 25413; Anshin'in-machi,Ukenokuchi,
Iwaya, 245 m elev., 33.3809807° N, 131.3595792° E, 12
March 2018, H. Akiyama 25407 and 25408; Saiki-shi, Honjyo,
Inoue, 70 m elev., 34.943661° N, 131.743191° E, 13 March
2018, H. Akiyama 25427; Takeda-shi, Kujyu-machi, Kujyu,
625 m elev., 33.029781° N, 131.282634° E, 13 March 2018,
H. Akiyama 25433.
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Kumamoto Pref.: Kumamoto Pref., Minamioguni-machi,
Manganji, 560 m elev., 33.084917° N, 131.104434° E, 13
March 2018, H. Akiyama 25435.

Miyazaki Pref.: Nichinan-shi, Kobuse Falls, 140 m elev.,
31.6373° N, 131.2464° E, 2 Sept. 2017, H. Akiyama 25195
and 25196; ibid., Sakatani, Taneda, 120 m elev., 31.6372° N,
131.2526° E, 2 Sept. 2017, H. Akiyama 25202; Hinokage-cho,
Ishigaki-no-mura, 250 m elev., 32.6982° N, 131.4033° E, 3
Nov. 2018, M. Matsumoto s.n.; Tsuno-cho, Kawakita, Osuzu
Valley, parking lot, 400 m elev., 32.2855° N, 131.4661° E, 22

May 2019, H. Akiyama 26013.

Kagoshima Pref.: Kimotsuki-gun, Kanoya-shi,
Kamitakakuma-cho, en route from Green Lodge to entrance
of the trail to Mt. Oonogawa-dake, 170 m elev., 15 July 2014,
H. Akiyama 23819; Kimotsuki-gun, Kimotuchi-cho, Mt.
Hoyoshi, 650 m elev., 31.2500° N, 130.9667° E, 14 July 2014,
H. Akiyama 23810.

Okinawa Pref.: Ogimi-son, Ada, just above the Ingah
Bridge, 70 m elev., 26.7621° N, 128.3037° E, 7 Feb. 2018, H.
Akiyama 25376.

Conocephalum salebrosum Szweyk., Buczk. & Odrzyk.

JAPAN.

Hokkaido Pref.: Rishiri Isl., Rishirifuji-cho, Oshidomari,
1530 m elev., K. Kawai 15671; ibid., Oniwaki, Mt. Rishiri,
620-680 m elev., 45.164928° N, 141.256047° E, Sept. 2018,
A. Uchida 20180047 (712); Shari-cho, Raiun, 55-65 m
elev., 43.83322° N, 144.642528° E, 13 July 2017, A. Uchida
20170006 (Hokkaido-3); ibid., Minehama, 190-200 m elev.,
43.900333° N, 144.813583° E, 27 July 2017, A. Uchida
20170015 (Hokkaido-6); ibid., Fuji, Mt. Shari, 240-250
m elev., 43.808444° N, 144.779361° E, 30 July 2017, A.
Uchida 20170016 (Hokkaido-7); Kitami-shi, Midorigaoka-4,
Midorigaoka Park, 200-250 m elev., 43.826694° N,
143.866944° E, 24 July 2017, A. Uchida 20170010; Sapporo-
shi, Mt. Teine, in the vicinity of Nunojikinotaki Fall, 500
m elev., 43.0644° N, 141.1921° E, 1 Aug. 2019, T. Furuki
25429; ibid., Mt. Soranuma, 470 m elev., 12 Aug. 2018, T.
Saeki 4673; Urahoro-cho, Higashiyama-cho, 30-40 m elev.,
42.808958° N, 143.671614° E, 28 April 2018, A. Uchida
20180003 (686); ibid., Atsunai. 80—110 m elev., 42.899642°
N, 143.781294° E, 28 April, 2018, A. Uchida 20180009 (697);
Kamishihoro-cho,Shimizudani, 357 m elev., 43.309319° N,
143.314489° E, 9 May 2018, Y. Oppata 3615.

Aomori Pref.: Hirosaki-shi, Osuke, 40.566500° N,
140.339528° E, 125-175 m elev., 22 Aug. 2017, Uchida
20170031 (Hirosaki-4); ibid., Hirosaki Park, 38 m elev.,
40.6097° N, 140.4646° E, 11 Sept. 2018, M. Sawada
20180911-2; Towada-shi, Takada, Mts. Hakkoda, Tsuta-
onsen, 480 m elev., 40.596389° N, 140.954167° E, 18 Oct.
2018, T. Yamaguchi 39375; Higashitori-mura, Shitsukari,
Kuwahatayama, 202 m elev., 41.3833° N, 141.4500° E, 6
Nov. 2018, M. Sawada 20181106-1, 2 and 3; Fukaura-machi,
Iwasaki, 133 m elev., 40.5826° N, 139.9887° E, 25 Aug. 2019,
M. Sawada 20190825-2; Sai-mura, Mt. Muidoushi, 579 m
elev., 41.3167° N, 140.8500° E, 21 Sept. 2018, M. Sawada
20180921.

Iwate Pref: Ichinohe-machi, Nesori, Kawamukai, 240
m elev., 40.1907° N, 141.3356° E, 18 March 2021, S. Sato
2021310-1; ibid., Torikoe Shrine, 150 m elev., 40.2376° N,
141.2815° E, 18 March 2021, S. Sato 2021318-5.

Miyagi Pref.: Shitikashuku-machi, Watarase Wind Hole,
Aug. 1993, H. Akiyama s.n. (see Akiama and Hiraoka 1994).

Yamagata Pref.: Yonezawa-shi, Shirabu-onsen spa, 1130
m elev., 37.77144° N, 140.132267° E, 23 Sept. 2019, H.
Shirasaki 26635.

Tochigi Pref.: Sano-shi, Akiyama-cho, 365 m elev.,
36.547275° N, 139.507441° E, 24 March 2018, H. Ikeda
647; Kanuma-shi, Iriawano, 950 m elev., 36.618400° N,
139.532290° E, 4 June 2018, Y. Ohshima s.n.; Sano-shi,
Akiyama-cho, 365 m elev., 36.547275° N, 139.507441° E,
24 March 2018, H. Ikeda 647; Tochigi-shi, Izuru-cho, in
the vicinity of Manganji temple, 340 m elev., 36.4789° N,
139.5859° E, 11 May 2018, T. Saeki 4463.

Gunma Pref.: Tsumagoi-mura, Oomae, Hosohara, 26
Nov. 2017, A. Yoshida 43; Higashi-Agatsuma-machi, Iwai,
347 m elev., 36.53° N, 138.84° E, 1 Dec. 2017, K. Nakazawa
1004; ibid., Koizumi, 412 m elev., K. Nakazawa 1022; Ueno-
ura, Narahara, 700 m elev., 36.081833° N, 138.737639° E,
30 Dec. 2017, M. Kimura 8417; Kannna-machi, Kagahara,
435 m elev., 36.090556° N, 138.82741° E, 30 Dec. 2017, M.
Kimura 8419; ibid., 500 m elev., 36.072139° N, 138.829222°
E, 30 Dec. 2017, M. Kimura 8418; Fujioka-shi, Shimohino,
Kuroishi, 290 m elev., 36.203200° N, 138.987319° E, 31 Dec.
2017, M. Kimura 8421.

Ibaraki Pref.: Kitaibaragi-shi, Hanakawa-cho, Hanazono
Shrine, 410 m elev., 36.860525° N, 140.628152° E, 9 March
2019, H. Akiyama 25950; ibid., Okubo-cho, Okubo Window
hole, 125 m elev., 36.5643° N, 140.6087° E, 9 March 2019,
H. Akiyama 25961 and 25965; ibid., 11 Dec. 2018, M. Uzawa
4771.

Saitama Pref.: Chichibu-shi, Otaki, Jyumonji-toge Pass,
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1970 m elev., 35.9434° N, 138.7343° E, Sept. 2018, T. Furuki
25098; ibid., en route from Mitsumineguchi to Suba, 350
m elev., 35.954394° N, 138.966105° E, 7 March 2019, H.
Akiyama 25940.

Tokyo Metr.: Hachiouji-shi, Takao-cho, Mt. Takao, 6th
trail, 4 Dec. 2017, H. Akiyama 25274; ibid., Hikage-zawa, 4
Dec. 2017, H. Akiyama 25285; Uratakao-cho, 4 Dec. 2017,
H. Akiyama 25290; Okutama-cho, Nippara, in the vicinity
of Limestone Cave, 630 m elev., 35.8520° N, 139.0405°
E, 5 Dec. 2017, H. Akiyama 25291 and 25292; ibid.,
Higashinippara, 615 m elev., 35.8471° N, 139.0388° E, 5 Dec.
2017, H. Akiyama 25296, 25297 and 25298; ibid., Nippara,
Kurasawa, 510 m elev., 35.8428° N, 139.0625° E, 5 Dec.
2017, H. Akiyama 25302.

Yamanashi Pref.: Hokuto-shi, Kiyosato, 1360 m elev.,
35.930000° N, 138.433889° E, 3 June 2018, H. Ishiko 180603.

Shizuoka Pref.: Kawanehon-cho, Kurishiro, 35.182750°
N, 138.153000° E, 22 Dec. 2017, M. Ohta 2017122201.

Nagano Pref.: Karuizawa-cho, Nagakura, Shiraitonotaki
trail, 26 Nov. 2017, A. Yoshida 44; Matsukawa-cho, Ikuta,
35.588015° N, 137.975924° E, 17 Dec. 2017, M. Ohta
2017121702; Chino-shi, Toyotaira, upper reach of Shibukawa-
onsen Spur, 1650 m elev., 36.0367° N, 138.3050° E, 28 June
2019, T. Furuki 25367; ibid., Meiji-onsen Spur, 9 Sept. 2018,
M. Michimori 201809091; Ina-shi, Ina, foot of Mt. Chausu,
1373 m elev., 35.825031° N, 137.854775° E, 1 July 2018,
Y. Qishi 20180701-1; Kiso-machi, Mitake, 885 m elev.,
35.86417° N, 137.59931° E, 30 Aug. 2018, H. Akiyama
25698; ibid., 812 m elev., 35.83676° N, 137,63362° E, 30
Aug. 2018, H. Akiyama 25699; Nagiso-machi, Ohira Pass,
1350 m elev., 35.55293° N, 137.69433° E, 30 Aug. 2018, H.
Akiyama 25706; lida-shi, Iida Pass, 1220 m elev., 35.55606°
N, 137.73500° E, 30 Aug. 2018, H. Akiyama 25707; Fujimi-
cho, foot of Mt. Nyugasa, 1640 m elev., 35.899722° N,
138.188611° E, 30 Aug. 2018, T. Fukuda s.n.; Ueda-shi,
backyard of Ryukoin Temple, 585 m elev., 36.3386° N,
138.1917° E, 18 June 2019, M. Uzawa 5012; Matsumoto-shi,
Azumi, Sawando, Sawando Bridge, 1020 m elev., 36.162778°
N, 137.660000° E, 19 Sept. 2019, M. Uzawa 5194.

Niigata Pref.: Murakami-shi, Takane, Suzugataki, 340
m elev., 38.342500° N, 139.667500° E, 9 Sept. 2018, H.
Shirasaki 25383.

Toyama Pref.: Toyama-shi, Arimine, Oritate, 1130 m
elev., 36.48883° N, 137.46329° E, 29 Aug. 2018, H. Akiyama
25676; ibid., 1360 m eclev., 36.48274° N, 137.47443° E, 29
Aug. 2018, H. Akiyama 25679.

Gifu Pref.: Gero-shi, Kosaka-cho, Nigorigo-onsen, 1747
m elev., 35.923278° N, 137.447778° E, 31 July 2018, M.
Chishiki 5851; Yamagata-shi, Taguri, 154 m elev., 35.599967°
N, 136.746410° E, 23 March 2021, H. Akiyama 26562.

Mie Pref.: Matsusaka-shi, litaka-cho, Hachisu, Miyanotani

valley, 450-600 m elev., 34.340278° N, 136.146111° E.,
18 May 2017, H. Akiyama 24973; Nabari-shi, Akame-
shijyuhachi-taki valley, bisde the Senjyutak fall, 377 m elev.,
34.5609° N, 136.0891° E, 27 May 2019, H. Akiyama 26043;
ibid., in the vicinity of Ryugatubo, 384 m elev., 34.5603° N,
136.0900° E, 27 May 2019, H. Akiyama 26044.

Shiga Pref.: Maibara-shi, Mt. Ibuki, 600m NEE from
summit car park, 1166 m elev., 35.425681° N, 136.416271° E,
16 Sept. 2019, Y. Kasai 7607.

Kyoto Pref.: Kyoto-shi, Nishikyo-ku, Arashiyama,
Genrokuzan-cho, T. Saeki 4342; ibid., H. Akiyama 25807,
Kyotanba-cho, Shizushi Limestone Cave, 380 m elev., 10
Sept. 2011, H. Akiyama 21981.

Nara Pref.: Tenkawa-mura, Dorogawa, in the vicinity
of Godaimatu limestone cave, 900 m elev., 34.2651° N,
135.8950° E, 20 Oct. 2019, T. Saeki 5209.

Hyogo Pref.: Yabu-shi, Oya-cho, Yokoiki Valley, 770 m
elev., 35.3072° N, 134.5218° E, 30 Nov. 2020, H. Akiyama
26470; ibid., 30 March 2021, H. Akiyama 26617.

Okayama Pref.: Niimi-shi, Ikura, Ikura limestone Cave,
140 m elev., 34.930000° N, 133.523056° E, 10 July 2017, H.
Akiyama 25103; ibid., Rasyomon, Sept. 2019, A. Kato s.n.
(photos); Hisaka Limestone Cave, Aug. 2019, H. Akiyama s.n.

Hiroshima Pref.: Shobara-shi, Tojo-cho, Kami-
Taishakukyo, ca. 410 m elev., 34.867500° N, 133.207222° E,
10 July, 2017, H. Akiyama 25094, 25097, 25098, 25099 and
25100; ibid., 14 March 2018, H. Akiyama 25437 and 25438.

Yamaguchi Pref.: Mine-shi, Taishodo limestone cave, 160
m elev., 34.2771° N, 131.3187° E, 8 Dec. 2017, M. Hayashi
25598.

Tokushima Pref.: Miyoshi-shi, Higashiiyadani, Mt.
Tsurugij, 1780 m elev., 33.856944° N, 134.092500° E, 17
July 2018, M. Saji 1529; ibid., 1750 m elev., 33.857222° N,
134.091667° E, 17 July 2018, M. Saji 1530; Kamikatsu-cho,
Masaki, Jiganji temple, 33.941725° N, 134.427392° E, 7
April, 2020, M. Saji 2998.

Ehime Pref.: Toon-shi, Kamibayashi Forest Park, in the
vicinity of a wind-hole, 980 m elev., 33.72278° N, 132.88535°
E, 18 Oct. 2018, K. lwata 4467, 4468 and 4469.

Fukuoka Pref.: Kitakyusyu-shi, Kokuraminami-ku,
Hiraodai, Ubusune-no-hokora, 33.75089° N, 130.8941° E, 24
March 2018, K. Honda s.n.; ibid., 390 m elev., 29 Aug. 2019,
H. Akiyama 26704 and 26706; Kama-shi, Mt. Kosho-san,
Okunoin, at the base of limestone cliff, 840 m alt., 33.4839°
N, 130.7252° E, 9 Nov. 2020, T. Ohya 601; ibid., 539 m elev.,
33.481389° N, 130.720278° E, 28 Oct. 2020, M. Chishiki s.n.

Kumamoto Pref.: Yamae-mura, Man’e, 750 m elev., 25
July 2018, M. Matsumoto s.n.

TAIWAN.

Nantou Co.: Ren‘ai township, Mt. Hehuanshan, behind the

High altitude experimental branch, 3000 m elev., 24.1617° N,
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121.2869° E, 31 May 2018, H. Akiyama 25580; ibid., along
Renhe Road, in the vicinity of Ren'ai, 2340 m elev., 24.10°
N, 121.20° E, 1 June 2018, H. Akiyama 25611 and 25612

ibid., in the vicinity of Ren'ai, Rueiyan River Major Wildlife
Habitat, 2200 m elev., 24.1042° N, 121.1973° E, 1 June 2018,
H. Akiyama 25613, 25614, 25615 and 25616.

Conocephalum toyotae H. Akiyama
JAPAN.

Hokkaido Pref.: Rishiri Isl., Rishirifuji-cho, Oniwaki, Mt.
Rishiri, 700-720 m elev., 45.168789° N, 141.251500° E, 8
Sept. 2018, A. Uchida 20180051 (713); ibid., Oshidomari,
Himenuma, 130 m elev., 45.226108° N, 141.247228° E,
27 June 2018, K. Kawai 15682; Nakagawa-cho, 30-50
m elev., 44.800178° N, 142.077539° E, 10 Sept. 2018,
A. Uchida 20180058 (716); Shari-cho, Honmachi, 5-15
m elev., 43.913667° N, 144.670222° E, 07 July 2017, A.
Uchida 20170004 (Hookaido-1); ibid., Raiun, 60—-65 m elev.,
43.835222° N, 144.643000° E, 12 July, 2017, A. Uchida
2017005 (Hokkaido-2); Kamikawa-cho, Aizan-kei, 1040-
1060 m elev., 43.717528° N, 142.818083° E, 2 Aug. 2017, A.
Uchida 20170020 (Hokkaido-9); ibid., Soun-kyo, 750-850 m
elev., 43.720278° N, 142.960306° E, 4 Aug. 2017, A. Uchida
20170023 (Hokkaido-11); Kamishihoro-cho, 309 m elev.,
43.250351° N, 143.353432° E, 9 May 2018, Y. Oppata 3610;
Sapporo-shi, Mt. Soranuma, 470 m elev., 12 Aug. 2018, T.
Saeki 4672; ibid., Minami-ku, Tokiwa-Nijyo, Sapporo Art
Park, 20 Aug. 2018, T. Saeki 4675 and 4676; Makkari-mura,
Yashiro, Yoteizan Nature Park, 18 Aug. 2018, T. Saeki 4674;
Kuromatsunai-cho, Kuromatsunai, in the vinity of Fagus
crenata Center, 95 m elev., 42.651111° N, 140.306389° E, 16
Sept. 2018, Y. Oppata Yo-3707; Otaru-shi, Nagahashi, Naebo
Park, 80 m elev., 43.26° N, 140.98° E, 30 July 2019, T. Saeki
5159.

Aomori Pref.: Hirosaki-shi, Hyakuzawa, 135-145 m elev.,
40.649806° N, 140.371194° E, 19 Aug. 2017, A. Uchida s.n.
(Hirosaki-1); Towada-shi, Takada, Mts. Hakkoda, Tsuta-
onsen, 480 m elev., 40.596389° N, 140.954167° E, 18 Oct.
2018, T. Yamaguchi 39376; ibid., 470 m elev., 40.596389°
N, 140.953056° E, 31 May 2018, T. Saeki 4501 and 4502
ibid., Oirase-keikoku valley, Sept. 2018, E. Tamagawa s.n.;
ibid., 250 m elev., 22 Oct. 2018, M. Sawada 20181022-1;
Aomori-shi, Shinjyou-hiraoka, Morinohiroba Park, 50 m elev.,
40.7997° N, 140.6715° E, May 2018, M. Sawada 20180506.

Akita Pref.: Higashinaruse-mura, Iwaigawa, Kakkyogawa
National Forest, Tensho Fall, 440 m elev., 39.1790° N,
140.7528° E, 18 Aug. 2020, S. Sato TSF 1.

Yamagata Pref.: Nishimurayama-gun, Nishikawa-machi,
Iwanezawa, 420 m elev., 38.456988° N, 140.100939° E, 11
Dec. 2019, M. Kimura 8626; Sagae-shi, Jionji, Jionji temple,

165 m elev., 38.410174° N, 140.249627° E, 11 Dec. 2019, M.
Kimura 8629.

Iwate Pref.: Ichinohe-machi, Nesori, Kawamukai, 240
m elev., 40.1907° N, 141.3956° E, 18 March 2021, S. Sato
2021318-3.

Miyagi Pref.: Kurihara-shi, Hanayama, Kusakizawa
Kadoma, 240 m elev., 38.786886° N, 140.788652° E, 19 Sept.
2019, N. Morita 5.

Fukushima Pref.: Hinoemata-mura, Mt. Hiuchi, Oze,
Dangoya-saka, 1584 m elev., 36.9357° N, 139.2746° E, 31
Aug. 2019, S. Nemoto 974.

Tochigi Pref.: Nikko-shi, Yumoto, 1566 m elev.,
36.804526° N, 139.412878° E, 14 June 2018, Y. Ohshima s.n.

Gunma Pref.: Tone-gun, Minakami-machi, Mt. Omine,
Minamigatani moor, 1050 m elev., 36.7353° N, 138.9207° E,
12 Oct. 2020, K. Nakazawa 8131.

Nagano Pref.: Kisofukushima-shi, Kaidakogen,
Shimonohara, 1200 m elev., 35.967° N, 137.550° E, 2 Oct.
2016, H. Akiyama 24820; ibid., Nishisatoko, 1270 m elev.,
35.97106° N, 137.54943° E, 30 Aug. 2018, H. Akiyama
25696; Iida-shi, Iida Pass, 1220 m elev., 35.55606° N,
137.73500° E, 30 Aug. 2018, H. Akiyama 25708; Shimojyo-
mura, Yohi, 560 m elev., 35.372963° N, 137.791048° E,
31 Aug. 2018, H. Akiyama 25717; Anan-cho, Shinno, 890
m elev., 35.243581° N, 137.762288° E, 31 Aug. 2018, H.
Akiyama 25721; Karuizawa-machi, Nagakura, Shiraitonotaki-
fall trail, 1260 m elev., 36.4099° N, 138.5942° E, 26 Nov.
2017, A. Yoshida 44 and 45; Ueda-shi, Bessho Spur, Bessho-
Hizawa Wind Hole, 820 m elev., 36.3338° N, 138.1487° E, 18
June 2019, M. Uzawa, Y. Degawa and T. Hosono 5025.

Niigata Pref.: Yuzawa-cho, Mt. Naeba, 959 m elev.,
36.88859° N, 138.754256° E, 17 June 2018, H. Shirasaki
25259; Itoigawa-shi, Kajiyama, Mt. Nokogiri, 1180 m elev.,
36.921389° N, 137.968333° E, 15 July 2018, H. Shirasaki
25292; Myoko-shi, Ikenotaira, Imoriike pond, 740 m elev.,
36.866111° N, 138.177023° E, 19 Oct. 2019, H. Shirasaki
26686 (intermigled with C. orientalis); Uonuma-shi,
Ozegahara, in the vicinity of Toden lodge, 1390 m elev.,
39.944721° N, 139.242525° E, 12 July 2020, M. Uzawa 5550.

Toyama Pref.: Toyama-shi, Nakachiyama, 337 m elev.,
36.57113° N, 137.37194° E, 29 Aug. 2018, H. Akiyama
25672; ibid., Arimine, 905-1100 m elev., 36.51058-36.41950°
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N, 137.43948-137.4499° E, 29 Aug. 2018, H. Akiyama 25673,
25674, 25475, 25680, 25681, 25682, 25683 and 25684;
ibid., Oritate, 1130 m elev., 36.48883° N, 137.46329° E, 29
Aug. 2018, H. Akiyama 25677; Tateyama-machi, Ashikuraji,
between Hyakken-Nameri and Ryujitaki fall, 740 m elev.,
36.570058° N, 137.446152° E, 30 Aug. 2018, M. Michimori
20180830-1 and 2.

Ishikawa Pref.: Hakusan-shi, Chugu, backyard of
Exhibition Center building, 600 m elev., 36.261304° N,
136.76056° E, 27 Aug. 2018, H. Akiyama 25663.

Gifu Pref.: Hida-shi, Kamioka-cho, Iwaitani, 880 m elev.,
36.39347° N, 137.38170° E, 29 Aug. 2018, H. Akiyama
25687; ibid., Wasafu, Yamanomura camping site, 980 m
elev., 36.40038° N, 137.39699° E, 29 Aug. 2018, H. Akiyama
25689; Gujyo-shi, Meiho, Hatasa, 800 m elev., 35.858220° N,
137.070470° E, 24 March 2021, H. Akiyama 26589.

Aichi Pref.: Toyone-mura, Sakauba, 890 m elev.,
35.186686° N, 137.675099° E, 31 Aug. 2018, H. Akiyama
25724.

Mie Pref.: Inabe-shi, Fujiwara-cho, Oogaito, Mt. Oike,
712 m elev., 35.1886° N, 136.4239° E, 4 April 2018, M.
Chishiki 5845 (intermingled with C. orientalis); Matsusaka-
shi, Sakanai-cho, en route to Sakanai Fudo Shrine, 205
m elev., 34.526074° N, 136.430977° E, 03 Oct. 2019, N.
Morita 7 (intermingled with C. orientalis); ibid., 240 m elev.,
34.526396° N, 136.431006° E, 14 March 2021, N. Morita s.n.

Kyoto Pref.: Kyoto-shi, Sakyo-ku, Kurama-Kibune-cho,
340 m elev., 35.128611° N, 135.765278° E, 13 Dec. 2017,
T. Saeki 4345: Nantan-shi, Miyama-cho, Ashu, 412 m elev.,
35.320000° N, 135.720278° E, 30 Oct. 2018, M. Chishiki
5864.

Nara Pref.: Uda-shi, Haibara, Nizaka, Fukatani-Ryuchin

valley, 320 m elev., 34.54888° N, 136.0111° E, 18 April 2019,
T. Saeki 4985; Yoshino-gun, Kawakami-mura, Ikari, 770 m
elev., 33.340324° N, 136.009267° E, 17 Jan. 2020, M. Kimura
8634.

Hyogo Pref.: ibid., Ohya-cho, Yokoiki-keikoku valley, 980
m elev., 35.3409° N, 134.5276° E, 9 Oct. 2018, H. Akiyama
25796 (intermingled with C. orientalis); ibid., 30 Nov. 2020,
H. Akiyama 26466; ibid., 30 March 2021, H. Akiyama 26611,
Shinonsen-cho, Kishida, upper reach of Kishiada river,
Kiritaki-keikoku, 450 m elev., 35.4652° N, 134.4689° E, 29
Nov. 2018, H. Akiama 25822 and 25823.

Okayama Pref.: Kagamino-cho, Kamisaibara, 915 m elev.,
35.344722° N, 133.998333° E, 26 Nov. 2019, M. Chishiki
5821.

Tottori Pref.: Aoya-cho, Tawaradani, Fudotaki Fall, 83
m elev., 35.476667° N, 133.969444° E, 30 Oct. 2019, M.
Chishiki s.n.; Kofu-cho, Mitsukue, 600 m elev., 25 Aug.
2018, A. Kato s.n; Saji-cho, Tatsumi-toge pass, 746 m elev.,
35.315265 N, 134.002508 E, 26 Aug. 2019, H. Akiyama
26087.

Tokushima Pref.: Katsuura-machi, Tanano, Mamidani,
410 m elev., 33.870000° N, 134.455556° E, 26 Nov. 2016, M.
Toyota s.n. (intermingled with C. orientalis) ; ibid., 19 Nov.
2017, H. Akiyama 25254 (intermingled with C. orientalis);
Anan-shi, Mizui-cho, Wakasugidani, 190 m elev., 33.894167°
N, 134.522222° E, 24 Dec. 2018, M. Saji 1891.

Ehime Pref.: Saijyo-shi, Fujinoishi, Mt. Kanpuzan, 1547
m elev., 33.808333° N, 133.257500° E, 24 Sept. 2018, M.
Chishiki 5858; ibid., 1550 m elev., 33.80757° N, 133.26030°
E, 28 Oct. 2018, K. lwata 4495; Kita-gun, Uchiko-cho,
Nakagawa, Odamiyama-keikoku, 800 m elev., 33.53120° N,
132.89399° E, 22 March 2019, K. lwata 4769.
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Legends for Plates.

Plate 1. Conocephalum orientalis (1).
A: Young female plants. B: Ditto, underside. C: Ditto. Note that thallus of last growing season changed color into deep reddish
purple on undersides. D: Young male plants. E: New male receptacles are often born on a short petiolate branch, which can raise
them into higher position. F: Old male plants (male receptacles already dropped-off). G: Newly produced thalli are sometime
tinged reddish purple even in spring and summer seasons. H: Plants under diffused light often produce thin thalli, which resemble
those of C. salebrosum. I: Comparison of thin thallus (left) and normal thallus (right) of C. orientalis. J: Female receptacle
(carpocephalum) with fertilized sporophytes inside. K: Carpocephala on the top of elongated stalks. L: Plants from Taiwan with
reddish purple color on ventral surface. A—E: Hyogo Pref., Tatsuno-shi, 8 June 2018. F: Tokyo Metr. Mt. Takao, 4 Dec. 2017.
G: Ditto., 22 June 2017 (photo taken by Ms. S. Suzuki). H: Mie Pref., Nabari-shi, 26 Nov. 2017. I: Hyogo Pref., Kamigori-cho,
8 Sept. 2020. J: Tokyo Metr. Mt. Takao, 4 Dec. 2017. K: Mie Pref., Nabari-shi, 31 March 2018. L: Taiwan, Chito, 7 June 2018,
Akiyama 25656. Scale bars = 5 mm.

Plate 2. Conocephalum orientalis (2). Variation in thallus appearance including J2 and J3 types.

A: Morphological variation within a single population. B: Plants can grow directly on boulder in southwestern Japan, where rain
falls heavily. C and D: Color variation within a single locality. Plants with yellowish color tend to grow at more sunny places.
E and F: J2 type of C. orientalis, with wavy thallus margins. G-L: J3 types of C. orientalis with reddish purple color on ventral
surface of thallus. Note that dorsal grooves between air chambers more or less distinctly blackish reddish purple in color. A: Mie
Pref., Nabari-shi, 14 June 2016. B: Miyazaki Pref., Nichinan-shi, 2 Sept. 2017. C and D: Aomori Pref., Towada-shi, Tsuta-spur (C:
Yamaguchi 39375. D: Yamaguchi 39374). E and F: Tokushima Pref., Tokushima-shi, 10 March 2018 (Akiyama 25379). G and H:
Hokkaido Pref., Shari-cho, 13 July 2017 (Uchida s.n.). T and J: Aomori Pref., Hirosaki-shi, 5 July 2020 (Chishiki s.n.). K and L:
Hyogo Pref., Mt. Hyonosen, 9 Oct. 2018 (Akiyama 25776). Scale bars = 5 mm.

Plate 3. Conocephalum purpureorubrum (1) Western Japanese form (FW).
A and C: Dorsal surfaces of thalli. B and D: Ventral surfaces of thalli, totally or partially tinged reddish purple. E and F: Thalli not
tinged reddish purple except for midrib and ventral scales. G and H: Carpocephala with matured sporophytes. I and J: Variation in
appearance of dorsal surfaces of thalli within a single population. A and B: Mie Pref., Nabari-shi, 28 May 2019 (Akiyama 26043).
C and D: Taiwan, Nantou Co. Xitou, 7 June 2018 (Akiyama 25655). E and F: Tokushima Pref., Kamikatsu-cho, 24 June 2017
(Akiyama 25067). G: Oita Pref., Saeki-shi, 13 March 2018. H: Oita Pref., Yufuin-machi, 12 March 2018. T and J: Fukuoka Pref.,
29 Aug. 2019 (Akiyama 26705). Scale bars = 5 mm.

Plate 4. Conocephalum purpureorubrum (2) Eastern Japanese form (FE).
A-T: Variation of dorsal and ventral surfaces of thalli. A—C: Chiba Pref., Kyonan-machi, 9 Oct. 2018 (Furuki 25043). D: Toyama
Pref., Tateyama-cho, 30 Aug. 2018 (Michimori s.n.). E: Tochigi Pref., Nikko-shi, 27 Apr. 2018 (Ohshima s.n.). F and G: Tokyo
Metro., Mt. Takao, 4 Dec. 2017 (Akiyama 25283). H: Tokyo Metro., Okutama-cho, 5 Dec. 2017 (Akiyama 25301). I: Nagano
Pref., Kiso-machi, 30 Aug. 2018 (Akiyama 25700). Scale bars = 5 mm.

Plate 5. Conocephalum salebrosum.

A: Dorsal surfaces of thalli. B: Dorsal and ventral surfaces of thalli. C: Plants on boulder covered with thin soil at Mt. Takao
(Lower right: C. orientalis directly growing on soil). D : Ditto. Close-up of dry thalli. E: Plants growing on limestone boulder
with very thin thallus. F: Plants growing on limestone cliff. G: Ditto. Close-up of both surfaces of thalli. H: Thallus with immature
female carpocephalum. I: Plants growing on moist limestone wall. J: Ditto. Close-up of thalli. K: Plants at shaded, moist place
becoming small in size. A: Tokushima Pref., Mt. Tsurugi, 17 July 2018 (Saji 1529). B: A: Taiwan, Taichung, 7 June 2018
(Akiyama 25613). C and D: Tokyo Metro., Mt. Takao, 4 Dec. 2017. E: Hokkaido Pref., Mt. Soranuma, 12 Aug. 2018 (Saeki 4673).
F and G: Fukuoka Pref., Hiraodai, 30 Aug. 2019. H: Nagano Pref., Mts. Yatsugatake, 28 June 2019 (Furuki 25367). I-K: Tokyo
Metro., Nippara, 5 Dec. 2017. Scale bars =5 mm.

Plate 6. Conocephalum toyotae.

A and B: Typical habitat along a trail in Cryptomeria japonica plantation along a small and deep ravine. C: Suburban road-side
habitat, mixed with C. orientalis. D: Female plant with a carpocephalum with fertilized sporophytes inside. E: Ditto. F: Ventral
surfaces of female plants with carpocephala. G: Dorsal and ventral surfaces of thalli. H; Dorsal surface of thalli. I: Plants with
poorly developed air chambers, showing reddish color of ventral tissues. J: Female plants with slightly developed carpocephala
within cavities at the top of thalli. A, B and H: Tokushima Pref., Katsuura-machi, 19 Nov. 2017. C: Toyama Pref., Toyama-shi,
19 Aug. 218. D-F: Toyama Pref., Tateyama-cho, 30 Aug. 2018 (Akiyama 25673). G: Hokkaido Pref., Sapporo-shi, 12 Aug. 2018
(Saeki 4672). H: Nagano Pref., Kaidakogen, 30 Aug. 2018 (Akiyama 25696). J: Nagano Pref., lida-shi, 30 Aug. 2018 (Akiyama
25708). Scale bars = 5 mm.

Plate 7. Sporophytes and carpocephala with fertilized sporophytes of the 4 species of Japanese Conocephalum.
A and B; C. purpureorubrum. C and D; C. salebrosum. E and F; C. orientalis. G and H: Sporophytes and carpocephala bearing
mature sporophytes for C. purpureorubrum (above), C. salebrosum (middle), and C. orientalis (below). I and J: C. toyotae. A:
Tokyo Metro., Takao-san, 4 Dec. 2018. B, G (above) and H (above): Oita Pref., Saiki-shi, 13 March 2018. C, D, G (middle), and
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H (middle): Hiroshima Pref., Taishaku-kyo, 14 March 2018. E, F, G (below) and H (below): Tokyo Metro, Takao-san, 4 Dec.
2018. I: Toyama Pref., Arimine, 29 Aug. 2018. J: Toyama Pref., Tateyama-cho, 11 June 2020. Scale bars =2 mm.

Plate 8. Transverse sections of epidermis of Conocephalum species.
Note that (1) thick walls in C. orientalis and FE-form of C. purpureorubum, which cause their shiny appearance, and (2) scarcely
furrowed grooves between air chambers in C. salebrosum. A, C, E, G, I, K, M, O and Q are from costal regions, and the others
from wings. A-D: C. orientalis (A and B: Akiyama 25068. C and D: lkeda 702). E-H: C. purpureorubum (FE-form. E and F:
Akiyama 25944. G and H: Akiyama 25272). I-L: C. purpureorubum (FW-form. I and J: Akiyama 26103. K and L: Akiyama
25196). M—P: C. salebrosum (M and N: Akiyama 25615. O and P: Akiyama 25438). Q-S: C. toyotae (Q: Toyota 20161126. S:
Morita s.n.). Scale bar =25 um.

Plate 9. Mucilage canals and mucilage cells.

A-C and E: Conocephalum salebrosum. D and F: C. purpureorubrum. G: C. toyotae. H: C. orientalis. All samples except for
H were soaked in 50 % methanol. A and B: Mucilage canals running along midribs and mucilage cells scattered over wings.
(Hokkaido Pref., Shari-cho, Uchida s.n.). C: Ditto. (Yamagata Pref., Yonezawa-shi, Shirasaki 26635). D: Short mucilage canals
and mucilage cells in aerenchyma just under a surface of carpocephalum (Miyazaki-shi, Nichinan, Matsumoto 20191212). E-G:
Transverse sections of thalli showing cross-sections of mucilage canals. Note that C. toyotae lacks mucilage canals. H: Leak of
transparent mucilage from cross-sections of mucilage canals. Scale bars = 5 mm (A and D); 1 mm (B and D); 200 um (E-G); 20
pm (H).

Plate 10. Distribution maps (1).
A: Conocephalum orientalis (blank circle). B: C. purpureorubum (green square; including both Western and Eastern Japanese

forms).

Plate 11. Distribution maps (2).
A: Conocephalum salebrosum (red square). B: C. toyotae (black star).
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Plate 1. Conoceophalum orientalis (1).



Akiyama : Conocephalum conicum complex in Japan and Taiwan

Plate 2. Conocephalum orientalis (2).
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Plate 3. Conocephalum purpureorubrum Western Japanese form (FW).
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H

Plate 4. Conocephalum purpureorubrum Eastern Japanese form (FE).
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Plate 5. Conocephalum salebrosum.
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Plate 6. Conocephalum toyotae.
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Plate 7. Sporophytes and carpocephala.
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C. orientalis A B

Plate 8. Transverse sections of epidermis.
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Plate 9. Mucilage canals and mucilage cells.
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&/ O & A. Conocephalum orientalis

© 7B, Conocephalum purpureorubrum

Plate 10. Ditribution maps (1).
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Species composition and altitudinal distribution of
Quercus serrata secondary forests and Fagus crenata secondary forests
in northern Hyogo Prefecture, Japan

Hiroaki IsHpA P* and Yoshiaki TAKEDA 2

Abstract

Changes in species composition of secondary summer-green forests along altitudinal gradient (40-
500 m) were examined in northern Hyogo Prefecture, Japan. Thirty-five forest stands were investigated.
The species composition of the stands was analyzed using the phytosociological tabulation method. The
results showed that the stands were divided into two types (A and B). Major dominant trees of type A
and type B were Quercus serrata and Fagus crenata, respectively. The first-axis score of the detrended
correspondence analysis ordination for the stands was highly correlated with values of the warmth
index (WI) and the coldness index (CI), suggesting that the differences in species composition between
the two stand types were primarily caused by air temperature conditions. Type A stands tended to be
replaced by type B stands at approximately 300 m in altitude. This altitude was similar to the altitude
at which natural evergreen broad-leaved forests were replaced by natural summer-green forests. The
values of WI and CI at an altitude of 300 m were estimated to be 95 °C - month and -10 °C - month,
respectively.

Key words: altitudinal distribution, Fagus crenata, northern Hyogo Prefecture, Quercus serrata,
secondary forest, species composition
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AR L7zES=)Ncidky s ya i B%ke 7>
HAMOEREFEL TS, JHEAMIY S oo HA
&0 HEEEBICOMA L TWDD, - A (1981)
XIS OERMROEBE MM G L, WHE D5
HEROEEN 330 m THhDH I EEHEL TS, Z
DIFFEAER EAMRDOKREEZ Z DY 2 &, A
TR0 EAMK - TFEBRMOS RS OR
B & OF 5 0k - 7 TR D 2 A B R O R IR Al
BFHEBODR—KTHHERICH B2 EEZ 515, Hattori
& Nakanishi (1985) 1ZHRMEOBEWIREERH (13
BE) &7 HAMOEESMICET 5MET—4 % H
AEHMNSINEL, AN B ARHEAHIIER T HE O 551
BESUTHYS T 5 WL, CIZENE4 97.0-98.6 C - A,
-10.5—-10.4 C - ATH D EMEL TND. ZOWZEH
By ER0OBRAEZED T TWSL EEDbNS. 27ZL, ¥
AT ARES 440 mHBITH ML TWEZDT (E

1, M3, 147 AOEESAIIIKBESLMB LI OB
HHERLTWBEVWZS. FIZE, Y17 ADES
FETdh 5T FIFHFEERND R E NS (EE
2, 19895 H1)Il, 2001 5 #HH, 2009), ¥ 7 B®D
BEETHD 7 FIEZORENPELBEHENDT (ZH,
1985 ; H&:, 2009), & 300 m L OB TH >
THRRENIEFITHRNIGEZ T T 0B 5T 5 nlfelk
Mo, Fh, Y47 ADIF TS ORERLFEDREE
BTN ENo 2 ABBEOBREICE > TE
fbT BHEEMENH D, Y14 T ADEESMICITZOX
SIRNBRBEDISNDOEEE G TS EHREIND
M, ZOROBEEESEOMITHRES L.,

TrHAMOBE S AIIESHIE S LEHIBOMT
Rzl enk<ashntnsd. BARMIZIE, 73H
PAISEEZHIB TIE WI 85 °C « AL RO GHig
) /T HN, SEHIHTIIWI 8 C- AL ED
K (RiRW) CboMmd 2 (iR, 1976 H -
P8 A, 1983 : Kure and Yoda, 1984 ; Hattori and
Nakanishi, 1985). F&MHIE D 7F BRI EZE DOH
D—DTHO, ZFOoMmidilii»s Kt £ TOJA
HPFICHOEDZENHSNZIINTWS (g - A,
1981). Rl L7=& DI sio a5 —k#k - 75
TRMOSREROESIIY IO % - THHE
RHROSMEROER L Tz, Thedl iz
EZHbE5E, AEHMBO T RO mEE ST T
FEARROEE N & FRICHEE OFEZ R ZT TV
HEEZENS.

&

KX ZXLDDITHID, MPERAHEFRIIFH
BROEARTRICEHMAE TIH WL E, K
RSN & HROEYEEOH & BRI T — & BE T
Zhnrzizniz, mRIEE#LEL LT 5.

2 B

LLEIRILERICAE T % =)o dtiE & 2 o (LEEERic
BEEESFAMEZEET SIS kbk - 7 kb
B < 5L TWS, AFKTIE, LSO 35 Him
B 40-500 m) BV TIaF TRk - TF KM
FEAEFAEZEMBL, W KARDREHAE - TESAMNOMHE
EHOMNITHZEEZHME L BHEEDOENIZXD
AEMRD I DOMERM (¥4 T A, ¥17B) I
RaINz. BAEOEREBSFEIY A TANIFS
T, 14T BB TFThol. Zho0ZeaEns,
EHIRIC AT 2 O 5 R & T F RO FERLER I
BHHEIC R I D Z &b Mmo/z. DCAD 18R IY Lig
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Diatom fossil assemblages of the Middle Pleistocene (MIS11) deposits
and evaluation of crustal movements in the coastal area of southern
Hyogo Prefecture

Yu Fukumoto V*, Hiroshi SaTo ? , Shigehiro KAaToH #
and Masayuki Hyopo ¥

Abstract

The coastal area of the southern part of Hyogo prefecture, central Japan, has been undergoing tectonic
uplift, induced mainly by the Rokko-Awaji and the Osakawan fault systems. To investigate the activities
of these fault systems, we estimated the degree of crustal movements by comparing the elevations of
sea-level highstand obtained from diatom fossil assemblages. We analyzed marine sediment layers
of Marine Isotope Stage (MIS) 11 from terrestrial section at Mt. Takatsukayama, west of Mt. Rokko,
and borehole core samples from Ishiyagawa, south of Mt. Rokko. Data were compared with published
diatom records of borehole cores from Maya and Higashinada, south of Mt. Rokko. Diatom flora of
Takatsukayama section showed environmental changes of marine transgression, with a horizon of
sea-level highstand that most probably corresponds with MIS11.3, which was observed in Maya and
Higashinada cores as highest sea-level period during MIS11. Differences in the elevation of those
highstands between Takatsukayama section, and Maya and Higashinada cores were 338.9 m and 318.0
m, respectively, reflecting the fault activities since MIS 11. Their displacement rate was calculated as
approximately 0.8 m/kyr. Diatom flora of Ishiyagawa core had no clear signal of the highstand, but
displacement of as much as 110 m and 90 m was estimated comparing with Maya and Higashinada
cores, respectively.

Key words: crustal movement, diatom fossil, MIS11, Osaka Group, stratigraphic comparison
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RBEH R TIE,  HSE T DR (8 22 S W
J& 70y ZEENIEFRIL L, BESET T OB 7
AR OSHAE) OFENICHS (FH, 1990). N
LS IRE DB 25T 2T, TOHEEO KRB
BRUOKREREE CAUF, [RRERERH] EWwD.) Rk
2T TB0, WmMIEORICIZASH - RERSH-EH >
KBRIBW B &Mk % 2 < ORI E 2543 5 (M H,
1996 ; fnEEiEh, 2008).

KREHERE L, £ 350 ~ 330 JT4ERT (BEHALEHT i)
IR S Nk 7= EHEE S (JLEE - Biswas, 2002 ;
DEEIE A, 2008), @M HEREY) I IUACIR T BT
2 M EREIE O B R 72 B2 & OKE — DK &
V) TS KERE S REEINTNS. TAbE, K
125 HAEFTLAME, RUKH O @K AR I3 HEEIC L D
P HERK 8 (Marine clay 288 L C Ma & &
I 5.) NIR<HFLZ 2N 5idm MLo Ma-1
@ 5 BAEHEEFR D Mal3 BETOA 54, HET S
KILR O HERLHHBKREFREN S, RERRR
13 PE B & R ALK 2 5 — 2 (Marine oxygen Isotope
Stage : MIS) & DX HSHBERDHEEN/ I N TN
% (Biswas et al., 1999 ; FJIl - =HA, 1999).

KRR RIS SRk T EE, B R—V
S ATVRBOBENIICH o TEERHE LD,
WEOWRR EEWETH2FHNDITRS. K=
7 REHIHANRT, MERICBWTHERHZEETES
WKL EOHBHES R ON DI DI, Lal, b
Lo BT E DK & D% ORKREES %
R EERINTHD, MOZTHELIT7HENS OFH
BROBEHEZ LR TENIE, TS oSO
WREHEZMND I ENTES (HlAE, Sato et al.,
2017 5 HHIED, 2019). /-, HEEALEORERE
LMk EE TS ET, W—ITR ARk
BNTHNFERESCHKESEDEEBEZHL ZENT
Z, XDFELWEBFOX R EEKERDBUEDEE
MTEDHEMENDH S (Maegakiuchi et al., 2016 ;
Kariya et al., 2010).

NI O PERE, WA AT XD S EARRICE 2055
Hil (v 186 m) YL, 1T A I 1 o HERR
MThHRKEHHEETOSHUEI AL TH
D CEA-FIH, 1989), FTOHEFOEFILK LB,
HoY > d, WikAdE0RnERE, WEAYDILaEL<
&3 (BA - BiH, 1989 £EEN, 1997). Z O
AT, BETLIEBEILKLKED T v g -
cov o FT) FRBIUEREERFOTT7 T &%
s, KREEO Mag BioxftbEn, MIS11 oK
B (K42 ~ 37 FFAERT) OWFEICHES THEL-Z &

M SN TWD (INEIED, 1999).

AEFZE TR, AT K B S R R A o i
AEBICHETIEAMT -y 2E2ZE2HMWELT, &
Bk L EICDOWTHEMT 2Tz, AfLEICDON
TIIEREZ N (1997) MNEHE/LLGOSTEITY, Wik
WZHE D YK B HIKEREEANDZSBZB 5N L. L
L, ZORAEBZHETIIKENRIITONTH ST, H
BAEICET 2 ERBNRERIIRINTHRN. 20
%, MEEEA (1999) OFEHEICB W CGEHEOESE S % D
EWTKHER BN TN Z ENS, AWK TIIZ OFHE
THIS N7z HRBEYH B OB ES T 21T, MISI1L O
BRIEEIICHY T 2L FOEE2RE L. L
T, MPEHFEEIBORKRBIED 2 A THRIRE N
R—U 27 a7 OEES RSN 558 E S Nz MIS1L
DOERENEYE (Kariva et al., 2010) OE&E &
952 EICkD, &SR O A & % R U 7.
£z, METEBROARIBWOR—U > 7 a7 ik
(GS-K3) (BAraiEmiE A, 1998) THERS
N7z Ma9 JBIZH b T N5 kld F 7= 13 B L EICD
WTHHEESITEITY, #E SN2 HERERE S HRAT)
IZDOWTERZITH /.

AUEHRER M = & th B

SRILERE DR

Slalitel 2 B L 7= B, MmN, #
EEMICAE L, KB ERHZEE S LA o
Lo T3 (b 34 E 40 7, HE135E 357 K
la, BEIIRFEICEDIHER). HERIT, SFELUTN
5 P65 DI N ERIZ T TR B Win A O H i 2 R
T ORI = AN DR 2 R E L TH D, R
PICHRET 2 E R I LB O E) 2 B Ok 8 %
BEELT, THXOEENE - smlEE - ErElE
ICRGFENTWD (FA - miH, 1989 ; hHEE, 2009).
EHILEEIT R ICEF LN SO FIRITNT THM L
THD, ZOHBEE I REMEEEICHY TS (i
2009). BIHHOEHE m EAH I ILER O E R LK E
MPET S (K 1la). RWEEEICHERMITEE =%
FRENAHL TSI EREND, SiFILEIZ AR
HOEREZ S5 LR END D EINTNS
(FfiHH - &4, 1983 FEH - %R, 1983).
BAZEEOEZIIK 14 m (R 109 ~123 m) T
EFIE L EIZZ O (& 110.90 ~ 113.95 m)
i, AR LTEIBIIWE SRS (X 1b).
TEROES 112.6 ~ 112.75 m IZ & F LK ILIKE A
BAET 5. ARALIKBEIIKBRERE Ma9 8 D FERICHE
BT 58 I AKLKE (CE)INZ2, 1996) [Tkt TE
5ZEMSG, EFLKTEIZ Ma9 BIZHS L, MIS11
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OMIKHIICHB L ZEHEEINTWVD (I F D,
1999 ; Kotaki et al, 2011). E:#EH04H Ok 28
ME, RRUHTIEOR FRELVZOE EOV) MNEH
UMW E LN T ToOEE (& 110.9 ~ 118.2
m) M5, 10~50 cm ERETEILZ (K 1b, 2).

GEN@R—-Y>sa7

GRINEAR—Y > 737 (GS-K3 : B & Ris
AtaEs, 1998) &, MPmERoaRIIAEE
f 34 % 43 /7, HAX 135 % 144y, fE& 34.67 m) T
BOWTER 7EICHEREINZ2EN 680 m DI TR
BIThod (Klab; BN, TERIEIT] 0. ).
JIT7HEREWIE )L MoEE ERICER SN, 13 BOiE
ROWER IV NENRIET 5. NS0 5 5 a7 RE
168.9 ~ 158.9 m (FE -134.2 ~-124.2 m) T4 1
TSR OMN b 2 VIR ER L EIE, 2D P O%E
#7180 m IZHRFET B K3-180 KILIREDHEE T KILIK
J& CEEDy, 1996) Ik TESZ &S, Ma9 @
ICHY TS EIN TS (Kobayashi et al.,, 2002).
ZDWRIET DOHEE 168.8 ~ 159.2 m (& -134.1
~-124.5 m) /M5, 15~ 50 cm R T 26 M ODOH:
EomAREZRRLZ (K 1b, 3). 205 BHEE
164.0 ~ 162.0 m (FE& -129.4~-127.4 m) i3
7B RIB L TWa728, SrHT R 2 SREUC & /e

7.

DHRFE

HiER 2 g OB EHBREICEID &0, 15 %k
fb/k#EAKZMA, 70 CT IWFRIEAIL /2. 8.5 Bk
KD EBABEREL K, AEKTHRL k2
N—=HIZALIZEEBM L, =R THEE YU bA
Ta47 (L7 4IVLAFAHME) THEEAZXT 1R
TIZATHA LR, INENFEEMBED 1000 5 (hiZ
™) THEZROMRE, stEzfrokz. &RLEEORE
WDOWTIERK 200 B2 [FE, 8 L7z AR)IMa
T DFAEHI DO W TSR OB A &N DR <, 200 &
DD HEEZ > 72728, ®IK 100 % E T T/~
Bz T —% &L THWE, HEREOREIX Krammer
and Lange-Bertalot (1986, 1988, 1991a, b), &
1 (2005), Z/MEIE (2006), Round et al. (1990) I
o 7=, HIR U /-HEfEld, Hartley et al. (1996) I
PENEKAERE, KA, WKERICKS UL B4
OFFIFHKERICEL TIEEL (2005), LS
Hartley et al. (1996) o7z, FRhHHEEE, Ry
U 7=#E7K [ 157K [ 8K AR O 2RO HBEIC T 284
EREML, Y177 I LR EREEOFEL N
RERIEICDOVWTIITE - #H (2014 2R LL.

#w R

EERILtE L

HBELZEREREEOY I 77 I L%8K2I1TRT.
WTEO T LS (M 110.9 ~ 112.5 m) 13%/KAEME
DENGH 90 %< IZZEL, Staurosira construens %
Staurosirella pinnata 752 & DIEMEE HNL < EHL
/=, E7-& FEOER 110.9 m Tl Pinnularia J&7n
8 %BEML Tz FRAKREROEHIIEN DN T2
78, Opephora olsenii 78 EALIZAI > THEML, &
BILKILREHEIZBNWT 10 %< ICEL . KUK
& T 1 % /K 1% 37 M #E O Stephanodiscus minutulus
OBMMAKEHMMICR s Nz KlKE XD BTk
Cyclotella striata/stylorum 75 E QWK EFEN B L,
iR 113.1 m KD H BT TIEERL T 60 % LA L& h
DBHEIITRY, EE 1145 m FTELEHLE £
U CHE® 113.5 m OFHEICBNT, KEMOE S &
HAKETHDOFEROEOEIGEN EDITHRK (FNTh
76 %, 52 %) Elxof=. ZOEUETIL Thalassiosira
J& % Thalassionema nitzschioides ® | # W % FE
L, &dIC10 % ULEEDE THRLD BT
Grammatophora oceanica W¥EML 10 % 122 L 7=,
KitEO R (R 11395 m) £0® B0 )L ME
TIE, HEZROEENEEICZ LI Bo7=MN, BBLE
WKERENMESL L 2.

BRINEITICEIT S Ma9 HHAE

HBELZEBEEEOY I 77 I L5%K 3ITRT.
GR)IEIY CTIREEROEM, BEHET, T
WIZFEAEER L o7 ST IZHRED
SEBEE LS TR EERINMRAEINTHO,
AUBERIBE 213 S AT L (B -130.2 ~ -129.4 m)
& B (-127.4 ~-126.2 m) DFEIT 100 7L L&
FHE T A2 EMTEL. BWKDHEAKEDHEDE TS
TORBMET20 %X LL FTH Y, Cyclotella striata %
Nitzschia cocconeiformis % W .0» &9 % gk A FlH
BLT80 %A EHB LA £AEREHELOS BT
13 ™AL & U B Auliscus sculptus & Dimeregramma
minor BWEBINICEZ<EH L. T8 nPbhhne
EHH 0, YRETIIHEEREKEROE - ZIZRH X
Niznorz.

Z £

SFRUETEEGRIEaATICE TS MS IO HE

BZE
EHRILUETBOERBEAHECDEEBIBR XL,

MIS11 H DT L S K & WK BREE O HEFEBRBE
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B (ZA40) (X—=—LLX)16) 5Lk AWIEEHEREOLKETDER MY) a7, it (GS-K1) a7
AE O S ZHAEEOMNTRUZ AHILBOEAWBO M () Z2HFH - &R T UK (1999), AiH - %
A (1983) ZHIT, a7 HAEDORENE (B#R) 23 M (2009), =H- HiE (1999 KBV THK EICHR
INTV2HDERLEZ ESEFLEER #Hifay & 28888 (A-B) 1ZX4a 2R 9 B mK o Rz &7
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DBV EDLDEZEL TS EEZLND. ETHLED
& FEB T, WK RREE %/} 9 Pinnularia J& (T3
B, 2014) W& R S50, FilEME D Aulacoseira
JBOEIEFIDIRNT ENS, KEDERWEALLRER
SEBEABND. T D Staurosira construens X
Staurosirella pinnata ST 2 XD 50, Z
NOIFER 2 T2KE, KEOBWAKRREICTEETY 2 HiEM
(Bennion et al., 2010 J#xJ, 2005) THO, RE
DIFEIZBDIZK VWEINTWS (Sonneman et al.,,
2000). ZDLOYRFOHEMRFIAHNTH LM, L
FLAZ AN > TIN5 AT 2 M0 D ITVHKAER D
Opephora olsenii DML T 272, WKDE

MRLIIKRELS BoEZBZLENS. Z L TKILKE
£ EMLOESE 113.1 ~ 1145 m T, #KREFED
Cyclotella striata/stylorum 73 U CTEE L 24,
Cyclotella striata BYNIBTEERE (F - EH, 2014
ThdIEMNS, BRFINBRETH-ZEBZA 5N 5.
ZOHTHER 113.5 m I A SN K EEREOE &
DE—=27ITDWTIE, MR RK & 78> 72 fE % & iR
T&E5. ZOBETEEMNIZK 5Nz Thalassionema
nitzschioides <> Thalassiosira J& D% < OFEIIIED
fEREME (TEE - B, 2014) THDH720, AELSD
HWRKDMANLOKREL Ko EZZOGNS. #itfEX

-

Nl

DB OV INETD, BIESHEMKERNERL
=D, WKOEENDSEZEAONDN, (LaDIR
FNELS RO WENSHELIC /o722 813, HWEICES
EibtERTEEZSND.
FROHEREOAE B LT I NDEELS, /&
boEGgILUKIIKEEBIZDHEE L THRKRENS
WBREABITL, TOo®BEBEL TOHEML, &
BILZ BT B HTHAEOREHEICH A 5N, FITE
BEOBIITDWTHE N Z1T o I E#EEN (1997)
DR LEFBBLZHML WA, LML, RFFET
HUBR U 72 8 K £ #8113 Staurosira J& DS E B H)IZ %0 o
= —, EEEN (1997) TRBKAEREIE ST 5E
YD S5 B FETIL Eunotia I&75 EEE D k@R B
U, k&8 TCIl3 Fragilaria construens (= Staurosira
construens) L PWIKIFWENED Aulacoseira JEHMEL L
2. ZHUIRATBKEREOENVNWERL TWE EE R
505, EmELKLKEXD S EMICB W TNBRE
MIEMo 722 &1, NEBLSEEIINTTELAEETT
5Mf#E (Gephyrocapsa oceanica) Ditf (NigEZ
M, 2000) %, FRAKESCKEORWNBIZAERTSH
FEHRSHALROA (rizuki et al., 2005 ; &4 - BiH,
1989) DEHMNHMEINTNDE I EMS B ITFFINS.
o, B 113.50 m CHENRRKICKR > EHEIN
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7=, EREED (1997) ORERIZBWTEKILKED
AL T Thalassiosira B —RFHIIZ 20 % U1 < F THM
THLEENED SN, FAEOEEORERMZRL TH
5EEBZONS. SHITHEEO BT, HBEEN
(1997) DALZESITITR D, WIERDRITH 5 HBILEEE
DAL, DEVEREIEIRINTNS, DEDXDITS
IR RIT BB R EITHAORHREEZIRL, MIS1L
MICBT 2EEITNA THEEEZ SO 1 U1 7))V OHEFEE
‘7, SR EEICRER I N TH SRR H 5.

AR)IH Y O Ma9 MY E (MIS11 ) OH#Ea
BV, Cyclotella striata/stylorum 73 & ks + &
KODBISITELETEIENS, FFEONBERETH>
=EEZOND. 7L, TXRTOBFETHERDORR
RHENM L WD EEHEINERNICREIN TV D
EEZ SN, #RD5EWN Paralia sulcata N LIk T
XD BEEMICEZELZZED, ZTONREKTH S A]
RetEbdH 5. £z, lBREHLO D LI THEFED
iR (T3 - ¥4, 2014) T&H 5 Dimeregramma
minor WO MW A - DIE, W OHEREIZ X 5%
ZoRY ATREMED D .

EEE®RE - KRERREHICE TS Mis11 HILIEDOH
BEHE LEMREDOHTE

MIS11 OifE7KE EFITHED, WKk S iEKDONBER
BEAONRELEZ RIS 110 ~ 120 m @
EFRILOFEHE TR N2 &3, ASARILIRESEDOH 5N
LR 720 Tie <, SHILHPE S0 SR S 5 12
JTH LR, BEERTTWSIE A -

AT, 1989) Z32Fi9 %. BIEA LN S HMHME DR
ZH i, NHEFICKS B, kEz BAR

IRD7=FFRFNIR 5N 5. F=EEES N SIE, RS
N-REORER, Bl 23R IEmICES X DR
T DAIZHF T % Pseudopodosira kosugii D H
EFHNDELT, SFOMKEDT—FREEDEIC
KD S OIEMHRETEN KD SN TS (Sato et
al., 1996 ; £k, 2014). AWFFEERTIEIZOL DK
et O MBI > 2z, MKENS OEBED H
FHDITEL WY, mANBENOBEELRET DI LN
T&EZ. BENE — 71 L 72 P A3 Ry
MEBZL5ND (72720 MIS11.3 ORI 1 HELL
Lot EREE Wz &35 (Oba and Banakar,
2007)). ZDDMOHEN S B FEkDEHENH D)
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T, ENSIRFEAFMEEARTIENTES. X
SITEMT SHEBEEDHELL T, URFO MR
DEGBBRBIZERILEEZEZA LGNS, o> TENLDH]
FEORERE Y, HERRLEED S O /s A BB 2 &
FTEEALND. TITHEITE, SFLOREE, #f
FiFE RO KRKIBIRFERN 5 & 5N/ 7 ik O H R
BEICRsNIZREKNBEMNOBHEIZDNT, EEOLEK
Z179.

TLE IR R O K BRIB 7 Tid 1995 4F o LI Fg it
B, KEEROHERIETEZZDHE<OR—-1 >
A7 PEREINTNS (ZHMIED, 2000). T0DS
B, X EERSE RIS N2 Y (MY 2
7 &2k 583 m) (RERIT A & HADOEMER, 1997) &,
PR T O X f I TR S =R a 7 (GS-K1 O
7 5 &E 1,700 m) (BEVE MR RS H ik ,1998)
IZDWTIE, Kariva et al. (2010) 2L D AW & [FH
U Ma9 EOHEESTTHOIN TS, FEIRF & OV
Oa7HEIMA &, SIS e OEE A (CUF,
(Bl WD) EOERER, SHILHZ Bk
AWTENTNHR 15 km &8 20 km TH 5 (1K 1a).
Kariyva et al. (2010) X% &, WMa7Y &I Ma9
@I KFEEEOENEEDOE—7, DEDEKE
EHAEDSNTHED, NS OEBEDESIZEIRD
7 CHEE -225.4 m, Hilia 7 THEE -204.5 m THo
7= (K 4a). Z DAL, Bassinot et al. (1994) <
Lisiecki and Raymo (2005) O FERIAMARL S —T
DIz D, MIS11 THR®IEE TH > 7= MIS11.3
WCHY T 3N TWDS (Kariya et al.,, 2010). Z
DERIZDNTIE, RKXBFEHFEREL T406 ka
(Bassinot et al.,, 1994) & L < 1% 405ka (Lisiecki
and Raymo, 2005) BfE 6N TW5. £2Z20 L
I, MULKBEEZRT/NIRBRE=IR2EEDSNT
B0, MIS11.23 & MIS 11.1 QiEBEHICH LI TN
% (4 4a). MIS11.23 & MIS 11.1 0FERIZE, ThE
N384 ka BXLU 369 Ka &N TWS (Bassinot et
al., 1994).

BHILIMETASNZES 113.5 m BT 2 H/KE
WEHEROEHHEEDRAKE -7, BEIRBLUHBa7
B2 3DDEEBEEOEY -7 OWNTNNITHY T
bEEZONS. 272, mBRLUHEORKE—7IE, %
KAERIZRD > THAREBPIFHNUILD THSRIIDOE
—27ZH70, ZOFAEDORBHIZITEEAITED
512500, HIL - ZRREFROERREA SN nho
7= ONEEIEn, 1999). ZFo=oH i, BEIRBLUKE
a7 IZBWTHRAIZEN, H"DOERKTHSD MIS11.3
DE—=Z7IZHYT 2 gEENE Y (K4a). Z0BE
IR BB KOO 7 s O MIS11.3 &
S LOEEZERR, SFUMAEERI YA EDRMT

338.9 m, rEiF LA & HHE T Y MR & DT 318.0
m &72o7 (X 4b).

NG OEE T, MIS11 HILIEOASHERICK S
MR AESEEZ R T EEZAOND. £z, &EIL
WS OFEHRE — 277 MIS11.3 (8 41 J74ERT) ICHIN T
581, THEHZDOEY ETFEMEE OIF, (£
PEE] &) 2R3 e, EFIEEERBI O
WO 7 A TEBIIK 0.8 m/ELEHEEINS. -
7L, IS OEICIIEROBREDERNEZ 5N, i
AN H S M THAR S R O/ AR R R > TW /= af etk
HD. ZOBREIIDNTIE, FHAICBUT 2HELRED
KENHEETENS, HHTHIENTES. SHEL
HAIZDWTIE, RAWBEHOKEIN 15 m TH-
EARHRObahSH#HEINTWS (rizuki et al.,
2005). UL, FEERS X OVHEE DO 7 BREh A TIE, 2
DEMEITBVT 2 HELA OWKFEEE OB S EEF L
MR EOEWEWD R EEHEILNZH 50 % ; BEHRE R
713580 %) NbHB=D, KFEX15m L ETH
SN D DB DD, BEAMNBKEIAHTH 5.
ZLT, 5 —D0BEQCERELT, FHEOERED
NRMNEZZ 6N, BHEEESHBRAR SR U THEKRIC
EHERBICEBICE DL TR EZ > Tnwbs &3nd (A
H-#1101999). UEOERDEZD, SR 5N~
EEAB I OBMHEEL, SHSOYREOKEIBB X
ZELCTHDEREL, EEOHRS, MM
FOMHBEEINTVE ERELEZHEDEZRL TNS &
FA5. £z, EBOYREIEEREEO S 7O
FIMNRENWEEZEZSNDZD, KD SNTZELHEEDE
13, EBRIOBETRENVTREDEZEZ SN S.

AR Y OthfER (M 3) TIRK i #E
ODEHE—IRRoNho>z®, MIS11.372 &
WY T 2 BHRIIEBETERN 2D, BIRBIUH
a7 OWREEEDOMOBBENBESEZIIRD S
ZENTES., BIRBLUHEEDY T, Kariya et
al. (2010) IT& D Ma9 B IFIF B THEKERED
FEHNMEINTH, ZOESHFITEIRIY TE
49 -231.9 ~-207.3 m, Hi#fa7 CTEREKN-211.6 ~
-186.2 m Th s (M4a). —F, ARJIIFEITY DHEK
ARENEN U2 BEEIIESR -130.2 ~-126.2 m TH
%5 (M3). 2Ok, OO0 7R EDRIZIE
ZFNEFNT7~106 m, 56 ~85 m DIEFEENH B I H
INH5DEES MIS11 IBEOASHEE) E KB 5 &35
AbN5.

EERBH - KREBFECE TS Mis11 EJLIEE O i
BEH

e R L AR & BEHR OB D O 7 FREUH A & DRITIE,
ANHIIM O IIMEZ T E A, AN - RS W E > KB
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4 ()R 7, Wik a7 © Ma9 kit /g 2 .o frh - BB i K 2 /KipEE o &0 51 7 7 5 L (Kariya et al.(2010) @
T—=FIZHEDL). BIENE—r Lz siklEE S HEEIND MIS 0D&S 2 KHEITRLUE.
(b) M1 D ABHR EOHBEENKE, ToOMZEDEREE. HlDOE TR LUZBEIZE LT Ma9 HERE LIRS O1E B8 I3 ® S
ENTHST W, 1998 MH - 346, 2000), ZNLULOMEBIZDOWTB R ZORE, WHRMZEXINTHLUE @EEd - #
RTFFFEFT, 1999). SFIIOHBERE, IO Y, Rl 7 2hENno MIS11.3 /1Y &#E &N 5 wRIEE o 812 2R
TRLUE. GRIEITZIZONTIE Ma9 BHED S BERMNEH U250 2 RO TR UZ. BRI, IS )L (B
YA & [Web MBI A —H—] & MTTILUTERL 7.

BWEHICET 2L OBENE> TWa (K 1a,
4b). HIHICTE M L 7z & i ORE & 2> DAL H E
&, 250D B T DA © 1% BIRY 7275 I E O 5
BOMEWIEEREEZ5ND. ANHILEDZ E2 W E
DEFEIEDNTIE, MY - WERE, KIEMERE
72 EOYEERE, BXOEHE - KER—V 2 7REICK
DL DHEN/RINTNWD (LR, 1996 ; #F i,
1998 ; [ - HIE, 20007%L). ENHICKDE, &
FTLHBIXTOWEDOESN, DA ICBEE LD
Feiian. B, mEILt A ORI ED &

HiligrE (M 1a) 1%, &&ELEELEIHREL 2 MIS11
DBOBARIZFET L TWianeEINTnD EAR-FH,
1989). /=, HRLWE, SHuLkE, JulkE &
HETE S, SURLERBITREB 2L L 2, EENAR
BRI EABINTNS JHH, 1998 MH -
HHR, 2000). L7zM> T, TNSLUSNDASH - KIS
Wil AR T 2 WE (REWLEiER L) MBS L Tn
5EEZEZ6ND. KRIBOMWEDNSBBLEZIHEALD
D RIRBEIERICDOWTIE, BRI < TEEEAMN/N
E<720, FNHMEEE, FEEEREE, SNEY A 52 REE
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RETHET B EHEIN TS BEEIFN, 1999).
ZD S HERKEIE, MIS11 DIBICIFEN T3/ iz
SEZBZLENTNVS (k- /ME, 2002). DLEXD,
i L & RS L OV O 7 M S O A IR &=
<BIEL7ZDIE, KBILMEZIZICD ET B - %K
ST s & R0 IR E 3 & O DAL R ORERTE &
EZZions (¥ 4a).

AWFE TR O N, SR SRS X O R 7
WS OZEALEE IR 0.8 m/ THETH -8, THiZ
BEG- U 7= aTREME D dp 2 /N HE « PRI SR T & A1 FH I f
DEAHREIZDNT D, EITHATBB ENEAENH
INTND, EEH Z & T, AH - R EEEE T
0.4 m/ T4, KEKIBKIEH T 0.5~ 0.7 m/ FETHD
WINbHAHLtESOIEMERZIE TS (EH
[EWFgEs, 1991 ; HUEBHAEVITTHEEART, 2005a, b).
Z U CHIMHEWEEIX 0.3 m/ FHEEHEEINTHS (&
FEIR, 1996). Z D7z, NH - WK EH & i
WiE & bW A NEEIZRN 0.7 m/ THE LS. A
B TRD-K 0.8 m/ THEDMEIE, HERYEEOH AR O
FERECEEOMRBREREBRZZODHOD, LD
ZAHE O (8 0.7 m/ T4) LHRMATHSEE R
5N5.

GREINEITZIZONTIRZoa7#EN B &5
T, BEERB KO 7 His & ORICEN T 80 ~
110 m, 60 ~90 m OE&EENH . GRINEIT
i &l 3 7 M ORI & HITK 2.9 km LN TN
BN, IR EELBEOEEICI S HD &
EZ6ND. REGEHR RO Y 2L, KRS EE
HEDYALER T oIz U 7= F0 EH W T e <o EEHR T Jg 7 & & ST -
REEWER OB 2R T, (RENE (FH - B
1999 ; BEIEA, 1999) ME-TWBHEZEZLSNTW
% (M 1a). 4 TIIRRHE OB R < HEFE L
THD, HERNS OIEMHSEIEEOMRIZHL W, L
ML, EM - HHE (1999) 3L —¥ 2o~
EEFAEICELD, aR)IEI 7RIt FITBNT, It
WA RNCESRIEWE ()1, 1996) HHIFE
HMETEREG A TNWSZEZHREL TNWD, £25R
(2009) &, KBRBWER DAL b 7= 2 FEERRETE 72 &
EILHRALEET BT, ARJIImEHEH N mE IR
WIE D ERTFET 2 2 2L TH 0, FEUHS O
T HT % Mal3 @7 E DMk EICH SN 5
BEDRRELTWS, AR)IFMI 7S EERBLO
WO 7 E O THRHINAAESZEIL, EITIhs
DIRTENEWT T OIRENC K2 B DEZEZENLD.

F: s

PR TEKIK, w0 EEREUR & M i o =)

OR—=1 27 aA7RERITDOWT, MIS11 O #
HL7ZESINDWRE Ma9 QR TZ2TTo72. FL
T, WKFEEEROENEEOE -7 s, SRl
kL E IR KEBEN 2RI EEERE L. OB
#a, KEBHROEMBICE#HOR— > 7 a7
EtD Ma9 @ O EEE TS RICA 5Nz, [ U< &kifE
HZRTBEELELZEZ A, 251X MIS11.3
DOIRBEHICH YT HaleEEmnEZ 2 6N, EEER
FNEN3389 MPBILUN31I80 mEleo 22
NS OBNHEEIZEBITK 0.8 m/ THEER-Z. Ih
SIERELBEZIICD ET5AH - RIS DR
[E@%, REREWIES D —DTdH 5 H HIREE DL AT
ELUTELREWER EICX AN EGHREEZS
N5, —Ric, BE—HE OSSR S RD 7z #E7K T 2
5O EREDEEEL, EBORROHER YR DR
EREICLDEENRKRENVNEEZISNDD, BIFFEDL
D12, BEEROMM TRRMHEOEEERFE L THKT
5ZEITKD, NS EHHEEHE EAbIHE, X0
EHEREZERO D ZENTEDEZEZOEND. TDYD,
MO a7 TERE, MoK OREHZ DN TSy
WERTD Z&ITkD, NELBOAEE XD FFMICET
T&E5EEZLHNS.

&

2HDEFRENOIIM L ERET DO ERRIE
ReWwEFEEELE, LXOBILHEL ETFET

£ B

TR IR R 0V SRk oD H ST B T ik DA R O B AR Bl i oD
Wr—5155ZE2HMELT, MAEHEKARXEHLIO
FEEAR &, AEREGR)IOR— > 7a7EE (B
JIF A7) ITDWT MIS11 DJE#E (RIRERED Ma9 &)
ERMBICHESNEITo . T LT, AR, S
ROR—1 7 a7kt (BEkaY, H#EIY) OFEK
HOHEHET -4 L Uiz, BRI 5138k
5NBREANDORIBELBE L EHIZ, BREBEREALN
3, WKIF R OE NBEENR K &2 BHENH SN
oo ZHUIBHRB L UHEEE D 7 O, MIS11.3 O]
EEZOND, FAKORKBENOEEICH IS
EMENE L, BEIlLoZFNEDEEZEIIZFNTN 338.9
m, 318.0m CTho/z. FTNSDEMEEITRK 0.8
m/ THEERD 5N THBIE, ANH R E W=
KRB D — DT db 2 KT E T X 5 R A7 2
FREEZSNS. AR 72D W T AR 2 i
DEEIIR A SN =0, BB U7 O
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Petrological characteristics and zircon fission-track ages of Chibanian
(middle Pleistocene) tephra layers on the Odamaki Hill in the
Chichibu Basin, Saitama Prefecture, eastern Japan
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Abstract

More than 20 Chibanian tephra layers have been deposited on the higher terrace surface (Odamaki
surface) along the Ara River in the Chichibu Basin. The grain and heavy mineral compositions and
refractive indices of orthopyroxene and amphibole phenocrysts were analyzed in 17 samples from the
OD1 (lowest) to Tama 128 (uppermost) tephras, to re-examine previous work on tephra correlation.
OD1 exhibited petrographic features different from those reported in previous studies and was
correlated to Kap-5 tephra in the southern Kanto region. Four biotite-rich volcanic ashes denoted OD6,
0OD9, ODI11, and OD15, were correlated robustly with AiPm to AsPm of the Omachi APm tephras,
respectively. However, no tephra layer in the basin could be correlated with Yt-hop tephra at the eastern
foot of the Yatsugatake Volcano Group. The zircon fission-track (FT) dates of OD2 and OD6 were
determined to be 510 = 160 and 350 + 70 ka (1o error each), respectively; a more precise FT age of
356 + 29 ka was obtained for OD6. All FT dates obtained using the same procedures and instruments
revealed A:Pm to have a weighted mean age of 375 £ 21 ka. The estimated eruptive ages of OD2 and
OD6 suggest that the Odamaki surface was formed between 500 and 600 ka.

Key words: Chibanian tephra, petrographic characteristics, fission-track dating, Omachi APm tephras,
Odamaki surface, Chichibu Basin
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Figure 1. Locations of the Chichibu Basin along the middle
reach of the Ara River in the western part of Kanto
District, eastern Japan, and the main Quaternary
volcanoes west of the basin.

The Momisawadake (Mm) is the Quaternary source
volcano of the APm tephras inferred from the Suiendani
Vent found in the Hida Mountains (Harayama, 1987).
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Figure 2. Sampling site for the Chibanian tephra layers

deposited on the Odamaki surface (the higher terrace
surface along the Ara River) in the southwestern part of
the Chichibu Basin.
A star indicates the sampling site used by Suzuki (2000,
2008) and Sakata et al. (2012). Topographic maps used,
“Minano” and “Chichibu”, have a scale of 1:25,000 and
are published by the Geospatial Information Authority of
Japan (GSI).
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Figure 3. Geologic columnar section of the Chibanian tephra layers on the Odamaki surface with horizons of the sampled tephras.
The names of the tephra layers from OD1 to OD17 and those from Tamal25 to Tamal28 have been derived from Suzuki
(2000) and Kanto Ash Layers Research Group (2001), respectively. The samples analyzed were taken from individual air-fall
units of OD4 (upper and lower units: OD4U and OD4L) and OD5 (upper, middle and lower units: OD5U, OD5M and ODS5L).
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Table 1. Petrographic characteristics of the Chibanian tephra layers deposited on the Odamaki surface in the Chichibu Basin,

eastern Japan.

Sample Name e Grain composition (%) Heavy mincral composition (%)
analyzed grain size Colorand Thickuess Lm Total Total
- : lithel ; Z 3 : i o.
(i) ithology (cm) Gl Qo W Hm Rf On No. ol Id  Opx Cpx Gho Bho Cum Opg Bt Zr Ap O No.
Yasudate tephra group
Yasudate-5 (Ys-5) rhr-or 30-90 0 0 4 52 5 200 25 3 M5 12 25 0 0 24 (i 0 2 0 200
1/8-1116 (upper) & 1/8-1/4 {lower) Vs, s 0 05 1 675 12 19 5 " 48 55 145 2 V] 0 175 15 L] 0 507
Yasudate-4 (Ys-4) wgrorblgr 30 0 65 23 22 24 AH5 1M 2 14 (1] 1 65 05 0 695 6 05 1] 0 2n
1/8-1/4 only pm, sc, li
Yasudate-3 (Ys-3) wgr,or, blgr  10-20 0 15 55 765 16 05 433 05 275 0 0 11 05 0 5 65 0 0 0 33
118-1/4 only pm, sc, i
Yasudate-2 (Ys-2) wgr,or, blgr  10-20 0 7T 4 25 17 6 200 0 7 05 05 27 2 5 485 9 0 05 0 200
pmesc, i 0 195 53 22 45 1 1124 05 95 05 0 35 2 + 49 4 1 0 0 248
Yasudate-1 (Ys-1) or - r.br 30-40 0 1 3 @ 2 1 200 0 0.5 4 1 0 0 94 0 0 = 05 200
V5, 5C>>pm 0 * 25 955 1 1 947 4 9 05 0 0 0 865 * 0 0 906
Odamaki tephra group
Upper Odamaki tephra group
Odamaki-16 (Od-16) y.br 25-30 0 1 § 7 45 x5 W0 0 145 05 * 65 1 1 3 ¥ 0 05 0 200
116-1/8 pm. sc, i = 25 105 73 35 10 200 1 0 3 05 385 1 0 365 18 0 05 0 200
Odamaki-15 (0d-15) y.br - br 3040 0 * 9 AN 0 60 200 0 0 0 0 2 * * 185 T95 * 0 0 200
116-1/8 va>sg, pm, li 0 * 8 T45 155 2 20 0 4 0 0 15 = 05 85 & 0 0 0 200
Odamaki-13 (0d-13) wgr 40-70 0 2 M5 60 3 05 200 0 0 0 0 735 05 9 156 15 0 1] 0 200
116-1/8 pm=sc, i
Odamaki-11 (0d-11) br 58 0 = 10 845 0 55 200 0 0 0 0 15 0 * 115 865 05 0 0 200
116-1/8 va>sc, pm, li
Odamaki-9 (0d-9) br 20-25 0 TSN B2 0 65 200 0 0 0 0 3 * « 18 T 0 0 0 200
1716-1/8 va>sc, pm, li
Odamaki-8 (Od-8) w.gr 20-50 0 2 20 755 25 0 200 0 0 0 0 385 3 = 565 1 » 1 0 200
116-1/8 pm. sl
Odamaki-6 (0d-6) gr-ygr 815 0 3 20 74 0 3 200 0 0 (1] ] 2 0 * 35 9 05 0 0 200
= Odamaki Ash (ODA) va 0 15 59 245 5 0 200 0 0 0 0 3 0 0 9356 - 4 0 0 200
116-1/8 (lower line: excuding biotite crystals)
Odamaki-5U (0d-5U) w.gr 25-30 0 0 10 % 0 0 200 0 0 0 0 €65 . 0 33 0 0 05 0 200
116-1/8 pm, li=sc
Odamaki-5M (Od-5M) br-rbr 5 0 05 115 865 05 1 200 0 0 o 0 68 0 * B 0 0 o 0 200
116-1/8 SG (li)
Odamaki-5L (Od-5L) wgr 20-25 0 0 8 915 05 0 200 0 0 o 0 7 05 = 3 05 0 0 0 200
1/16-1/8 pm, li=sc
Lower Odamaki tephra group
Odamaki-4U (Od-4U) w.gr 10-15 0 0 19 67 55 85 200 0 0 hd 0 645 05 45 215 85 0 05 0 200
1116-1/8 pm, li
Odamaki-4L (Od-4L) w.gr 10-15 0 25 375 55 35 0 200 0 0 = 0 66 1 15 2 05 * 0 0 200
116-118 pen, i
Odamaki-3 (0d-3) wor-ygr 2030 0 25 25 705 235 1 200 0 0 * 0 95 1 « 82 7 05 * 0 200
116-1/8 pm, sc, i
Odamaki-2 (0d-2) wgr-pwh  40-50 0 il g 0 200 0 0 = 0 M5 1 1 2% 05 0 0 0 200
116-1/8 pen, i
Odamaki-1 (0d-1) y.br-ygr 15-20 0 185 17 635 1 0 200 0 0 (1] o 54 05 5 40 05 0 0 0 200
116-1/8 pm, &i 0 2 2% 63 25 15 200 0 a 0 0 525 1 1 41 45 0 0 0 200

1) Analyzed grain size; farctions between 1/8 and 1/4 mm are identified using binocular microscope =100, and those between 1/16 and 1/8 mm are identified using polarizing microscope =200,
2) Color and ithology: gr, gray, bl.gr, bluish gray, v.gr, vellowish gray, w.gr, whitish gray, br, brown, r.br, reddish brown, ¥.br, yellowish brown, or, orange, p.wh, pinkish white; pm, pumice, sc,

scoria, Ii, lithic fragment, vs, volcanic sand, va, volcanic ash.

3) Grain composition: G, voleanic glass shards, Lm, light minerals (Qz, quartz, Fl, feldspar; gothic numbers indicate containing of 3 -quartz), Hm, heavy minerals, Rf, rock fragment, Ot, other

grains. *<0.5 %

4) Heavy mineral composition: Ol, olivine, 1d, iddingsite, Opx, orthopyroxene, Cpx, clinopyroxene, Gho, green hornblende, Bho, brown |

cummingtonite, Opqg, opaque minerals, B, biotite, Zr, zircon, O, other minerals, *<0.5%

BHixHEMERERTHO, FTHEMRBEIEREE U TIRIERIC
BIfTh 2 LI N,

FT HMREER, WEEREY T7I13 v a2itdkb
FT FEAHE OFEEELICBE T 2 8% (Hurford, 1990a,
b) 12y, T—48IE (Hurford and Green, 1983)
&k D485 1+ 577 # —ik (Danhara et al., 1991 ;

=8 - HH, 1997 ; Iwano and Danhara, 1998) T

de}, Cum,

le (including oxil

X0fTo7z. WINbEENAEED LD FT Eofiic
BOWHONBEBRINBWI ENSHEBI RO EE &
HTES WL T, FT @#BNTHERIR &5 m 2
FMAT2MNET 75—k (ED2) ZHALZ. #
FAVEEH O T Y F > Z1E KOH : NaOH = 1 : 1 (£)V
) ToFv>bhEHAWL, 225 ~227 CT 47 BT
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Table 1 (continued). Petrographic characteristics of the Chibanian tephra layers deposited on the Odamaki surface in the Chichibu
Basin, eastern Japan.

Refractive mdex (mode) (number) Corresponding tephra name

Sample Name glass {n). orthopyroxene { v ), homblende (n,) Suzuki Kanto Ash Layers Machida and Isoda
;3 This study Kanio Ash Layers Research Sakata et al. (2012) Swrnki and Hayakawa 2000, 2008 Research Group (1992, {1953)
Group (2001) (1990) (2000, 2008) 2001)
Yasudate tephra group
YasudaloS (Ys5) = 1696-1.707 (1.700-1705) (30) = Tara 128 =
oLPyGA"
Yasudato4 (Ys4) 1y = 1.688-1.606 (1,690 (40}, 1683 == = =

Yasudate-3 (Ys-3) - -_— - -

Yasudate-2 (Ys-2) = 1.663-1.676 (1.666) (52) = 1.664-1,669 — Tama 126 -
iy = 1.6565-1.661 (1.657) (cum) (32) (Amazake)
Yasudato-1 (Ys-1) ¥ = 1.694-1.705 (1.700-1.702) (30) = Tama 125 =
(Gamoku kechappu)
Odamaki tephra group
Upper Odamaki tephra group
Odamaki-16 (Od-18)  my = 1,682-1,606 (1,686-1.680) (57) 0016 Tama 123 =
= 1.699- >1.740 (Bhe) (8) (Inarizizshi)
iy = 1.667-1.670 (6), 1.674-1676 (3)
Odamaki-15(0d-15) = 16841508 (1686-1 647, 16021 BO) (47) n, = 1,665-1 671 (1.668) (30) = 1,685-1,605 0015 Tama 122 -
ny = 1667-1.676 (1.668-1.670) (15) ny = 1.688-1.692 (1.660) (30) AP (Furikaie)
ny = 16591661 (cum) (3)
Odamaki-13(0d-13)  my= 1.664-1671 (1.668) (47), 16801692 (4) = 1.665-1671 i = 1,664-1.674 (1,670 (30) iy = 15661 674 o013 Tama 120 B
fy = 1.655-1.659 (1.657) (cum) (40) ny = 1.657-1.661 (1.657-1.659) (cum) (33) Ythop® {Asuage)
Odamaki-11(0d-11)  n,= 1.668-1.679 (1.676) (29), 1,683 oon -
ny= 1687-1.603 () APt
Octamaki- (0d-9) ny= 1,661,674 (1.671-1.672) (27) ny = 16661 672 oo Tama 119 -
ny = 1.684-1.696 (1.685) (17) APmY (Akatenbia)
= 1,850 jcum) (1)
Odamald-8 (0d-8) ny= 1668-1.674 (1.670) (40) ny = 16661672 ny = 16651672 (1.667-1.669) (29) ops Tama 118 =
;= 1.685-1.692 (1.687, 1,690) (20) (Okara)
= 1.656-1.659 (6) (cum)
Ocamaki-6 (Od-6) n, = 1,686-1.700 (1,688, 1,692-1,694) (40) = 1,686-1.697 0D (ODA) Tama 116 Has®
iy = 1667-1.675 (9) APmY {Hachiohji Biofibe Pumice)
;= 1,658 (cum) (1) TE5?
TE-5"
Odamaki-SU (Od-5U)  ny = 1.688-1.673 (1.670) (40) g = 16661670 (0d-50 1 Od5L) n, = 1.665-1.671 (1.668-1.669) (30) ons Tama 114 Kap-117
[Ham sand)
OdamakiSM (Od-5M) 1= 1.668-1.673 (1670) (40) ny= 1667-1672 (1.670) (30) oDs Tama 114 =
[Ham sand)
OdamakiSL(O5L)  my= 1.668-1672 (1.670) (40) ny = 1666-1.673 (1.670) (30) oDs Tama 114 Kap-10"
(Ham sand)
Lower Odamaki tephra group
Odamaki-4Ul (Od-dl) = 1.667-1.672 (1.670) (40) = 1,665-1.660 (Od-4U 1 Od-4L) n, = 1.666-1.672 (1.669-1.670) (30) 004 Tama 113 Kap-®
= 1.656-1.660 (1.658) (cum) (40) ny = 1.657-1.662 (1,659) (cum) (20) (Sanshokupan)
Odamakd-4L (Od-4L) n, = 1667-1672 (1.669) (40) ny = 1.667-1.670 (1.668-1.670) (30) oD Tama 113 Kap-o®
ny = 1,656-1,650 (cum) (34) ny = 1.657-1,651 (1,658) {cum) (30) (Sanshokupan)
Odamaki-3 (0d-3) Py = 1.667-1.673 (1.670) 40) iy = 1.666-1.676 (1.670-1.671) (30) oo3 Tama 109 -
n,= 1,686-1.703 (30) n, = 1.657-1.661 (1,658-1.659) (cum) (30) (Anizu fyamis)
;= 1.655-1.659 (1.657-1.658) (cum) (40)
Odamaki-2 (0d-2) = 1.666-1.674 (1.668-1.671) (40) = 1.666-1669 g = 1.667-1.673 (1.670-1671) (30) o2 Tama 106 Kap-6"
ny = 1,655-1,663 (1.656-1 58] (cum) (45) n, = 1,657-1.662 (1,659-1.660) (cum) (20) (Shokupan)
Odarnaki-1 (0d-1) fip = 1.670-1.678 (1.673-1.674) (40) iy = 1.665-1670 g = 1672-1.681 (1.675) (30) opt Tama 105 Kap5"
n; = 1656-1,662 (1.658-1658) (cum) (40) (Mame mochi) (Kamikayama Pumice 5)

5) Refractive indexes are measured with RIMSSG/8 T/ 2000 using the thermal immersion method following Danhara er af . (1992), Danhara (1993), and Kamata e ol (1994),
) Correlated tephra: 1) Collaborative Research Group for Yatsugatake (1988), 2) Kimura (1987), 3) Machida and Arai (2003), 4) Nakaya (1972), 5) Machida er af . (1974). 6) Minagawa and Machida (1971).

B CRMEL, BT REEEOHEEIIELEN S X
@ NBS-SRM612 BLUVERZH Wz FRMEOHEH
WCHWS Y —41{El3, ED2 =372+5TH5. OD2
BLUOD6 EBFEHD 30D I iR ENRE
LUTCHIEL. ODBIZDWTIIHIEREZEL T 52
®, AN 150 @) I kR EROAALEIT > N
ZERL CTEMEE FT A£AAE (FEE, 1995) Z{1-o
2. ZN5OFT FRAEFEDOFMIL, Danhara et
al. (1991), HEE (1995) Z&WI Nz,

w R
. T7SDORHELEAATEHNIETE

RESHSERF PG DL FE LR /s EI2 /09 HIHLEE, &
MERHEICHSY T 5 LEmERKEL THD, FNZT >
HRPEICRIR L7277 SRETH D LEO—-LABICED
NTWs (BEEOD—LABZET IV —F, 195672 &), %
FEME S DL T H SARML DL EDEICK S C
B - pkiE, 1957), ZEE1m EICIIZEI O—-LARNE
OFT7IREN, ZEIHELICEXIOFHLNWELETO—
LBU LT 7 S BEN, FThEhn#HHEL TS (4
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FKILIR 7)) — 7« BE BES- B7 7 fk Fr j FRARARF 9E 27 )L —
7, 1998). EEEILZE 1 & AE Kap-1: &I - HTH,
1971) OETF®SIRCE2LE 1 0—-LA-IE, ZEO
TITIMPIETL2HEEEBEN 40 m DT 7 S RBETH
D, AXAHE1®RERE &) - BTH, 1971 GoP1:
WTEED, 1974) MHIEUCE2LEIO—-LARBICED
NTns KR ) —F - R B Pa A
e 27—, 1988) BHH KK T I)IL—7 (1992) 1
OD16 TAricgmiz e A2 T, BHIED — L
BhoT7 5% 0D16 M5 EAOZXa) Y 2EKET
577 L, ODI6 KD THOBEAEEKET LT
TIRICKRAILZ, BEERKILK T IV—7 (2001) 1Tk
T, BHAFHFO—LAEE ERROLE I O— AR
N, #IENEO LI, BENEOFEIHE TS (™
3).

A THS M LZBHBEO—LEFDT 7 D5
#, OEM, BEE, KR 1/8 ~ 1/16mm ORI T DRI T
HEk, HILWIHRE, BLUOELHEA (v), H@EANA
(n2), BIFRRA (n2) OEFRER1ITRT
£ 11T, REROWFEICBITET 7 54 EDRIERIE
BT 7 930X RERIBET 7 7 L0 bR .
AHFFEICHBNWTIE, BEFKLKZIL—T (2001) &1
Bz, 23V 7 EBAEOWTNNT I SDEERTH S
MEVNSIRIEE T 7 T OUMIHMEDENCEDE, B
HFo—AEBYOT 7 I THNORHET 7 58 (OD1
~ OD17 ; ikl : Od-1 ~ 0d-16) & FiD&NiT T 5
Bt (Ysl ~Ys5; al#l: Ys-1~Ys-5) D2DITKA
LCRE#d2 (F1, KM3).

1) EAET7>8 (OD1~ 0OD17)

EBHiET 7 S, REaEAE ARAE (REel
WANA - BEgEaRa - IO KA, BX
ORGSR (BE8KIL - 74 > 8k85 - Rek &) =%
EHMEL, ME~PVEORERNEMED TETRHMD
JFoend, BHET 7 SHTIE, AR~EHGTERA
WKWEDT 7 I OEIMIANGENEERTH D, OD3,
ODS8, OD16 D XD ICEAICMATRAIY 7oKL
HLLKRBKILERICTED T 7 T T, REHIEY>®E
WIEA A DOEIE SN LW ERAFED 55 (F
1). & FAL0D OD1 ZBWWT, T@EARADREITE (n2)
13 1.664 ~ 1.674 O&iFHIZH D, T— KL 1.670 Fif%
THELETS (K4). OD3 T, #BamAalao/E
Rldn2=1.686~1.703 TH3 (F1, M4. 5
BHAAE (B -fAK) RAI DTN HAOEFEERED
EWhS, BHEET 7 S#E2 M RHET 7 7# (OD1
~ OD4 ; i#BHE 0d-1 ~ 0d-4) & E{IEHIET T 5
# (OD5 ~ OD17; it #HE Od-5 ~ Od-16) Il L 7=.

T ERHET 7 I8IT, BRI E L THEZ LR
2. AHETIE, WHEPOB - AENERTH 5.
EIPMELTLI~5 %XOHhI T o lGEEH I
<MEBOBEBFHOBHREINS ED. I T
PG OEIE (n2) 13FELIL, #HiFHIX 1.655 ~ 1.663,
£—RIZ1.657 ~1.659 THS. OD1 I, GEDEE
NEEADEE ERBEENL D KREL, TIRERHEET
TOMOPFTHREHMTHS ED. LEANAGOR
&I n2 = 1.670 ~ 1.678 (E— K :11.673 ~1.674)
ThHO, EMOBAET 7 7ICEETN 5 E/AKADR
PR (n2 = 1.664 ~ 1.674) ITHNTHEIZEW (K 4).

ErRMAET 7 I, BERICELLEDEML
DHEATZHIRIKILIRN S22 T 7 SMPFIET S (A
2000). = sid, Tk OJEIC OD6, ODY, ODI11,
ODI5 D4ETHD, TNENDEEIT 10 ~ 15 cm,
20 ~ 25 cm (EE/BEEHTLE - PRI RHE,
5~8cm (EMOKILAER), 30 ~40 cm (BE
REER T L TRRIZODAHE) Thd (F1, K3).
& b OD17 (Kkt) EHEDEZH 20 ~ 30 cm &
SICHREROEEBENREDOSNDA (K3), k-
TIRNARHAKE TH D, BRERNTAO OD15 5 DR
ATHDAHEMEDH 2720, RFETIIT 7 7B ER
Lisino 7z

NG 4 O XIUKIEHIR 22V 3 > O B R
ZHL, 0D OD6 TR EHEL O B BHERE % <
. FERZIE OD6 TIREMRNE <, sk
MW, £7z, nz = 1.686 ~ 1.700 OE BT RZRT
ik~ REa oL AARGEZED (F1, K
4). @mEITROELBEANAILOD6 THEAMAGD 70
% LA E, OD15 THIUK 50 %HitgaE 595, Lal,
OD9 % OD11 Tld, RBH#ET 7 I #ICILE I S {KEHT
ROE@EARGREFICZ N, SETROEEARG
1210 X RKWOEEFERETHY, BITEHn2 = 1.684 ~
1.696 O#IPHT, T— RO ERMEAVE < 72 2 HEAHFED
55 (1, M4). OD11 TEHEZ2LEDH 2 EEARN
GOEFER (n2) 13 1.668 ~ 1.679 DHFTITS DE,
TALRHET 7 SO OD1 O /A G Ot R
LTS (KM4). —K, OD6HE LD ODS TldE/E
RO ARG OHEGIENICE S, BALZXaY
TEFEOEEARAGIIMAT, OD6 IZHRT %M@M
PIAINERR L TWAAREMZREL TWD (1, M 4).

FIRHEET 7 SE T, ODI3 ZBRWTHI >
M RGEOEEIT1 XLLTFTHD, BERTED4E
DT 7 T7&RTIER -ARDBIMETHS. LaL,
OD13WE B -aHE VEEHS, NI T N 2RADE
BN XEREL, FMIRAEGT 7 IR EELULZSE
GAREENEMERT (FD. AT N RAEORENT
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Figure 4. Histograms of refractive indices of orthopyroxene (y), hornblende (n2), and
cummingtonite (n2) phenocrysts from the Chibanian tephra layers on the Odamaki surface.
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Table 2. Results of zircon fission-track dating of samples from the Odamaki Ash (OD6/ODA) and Odamaki-2 Pumice (OD2) beds.

Spontaneous tracks Induced tracks Dosimeter
Tephraand  No. of g Pr) U-content  Age (ka)
sample Name crystals Ps N, Pi P Nd ' (%) (ppm)

(cm™) (cm?) (x10* cm™®) error (t1o)
OD6 (Od-6a) 150 3.782x10* 164 3.387x10° 14688 8.570 2633 0.208 78 310 356 + 29
OD6 (Od-6b) 30 3.56x10* 26 3.20x10° 2402 8.570 2633 0.343 93 310 350 + 70
0OD2 (Od-2) 30 1.16x10* 10  6.98x10° 604 8.314 2554 0.698 70 70 510 + 160

(1) Analyses are performed by the external detector method using geometry factors of 1 for 2a/ 2n (ED2).

(2) p and N are the density and total number of counted fission tracks, respectively.

(3) Ages were calculated using a dosimeter glass NBS-SRM612 and calibration factor for ED2 ((gp, = 372+5) after Danhara ez al. (1991).

(4) r is the correlation coefficient between p and p;

(5) Pr(xz) is the probability of obtaining the xz—value for v degree of freedom (v = number of crystals-1).
(6) Age: T=In (1+hp-Cpy=ps / pi) I ko, Where Ap = 1.55125x10™° / yr and ( is a zeta value.

12

(7) Error:6 =T+ [1IZN5+1/2N,+1/ENd+(czetalg)z] for ED2 method.

(8) Samples are irradiated using the TRIGA MARK II nuclear reactor at St. Paul's University (Rikkyo Daigaku), Japan.

Bl 4). —%, OD16 dmEHBEOT@MMNEE FKE
T35, TOREFFRIEIn2 = 1.682 ~1.696 (1.686 ~
1.687) THVD, EH F®D ODI5 DZFNITHRTHRRME
W (R M4, 351, Bea~FRetogmalNa
EOBEOEN, EAEA - BREOE, 25 a0
TDOREBRIEM THDA T 1 > TV A FeE~DE
B, LALDENLT T TR DRI TG A R R
2RY (D). £ BVAROERZEDEZEN
20~40 % EL%<EFEN, HTFOODI5SICHKTHE
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2) RIT 758 (YS1~YS5)

WALT T TR, Bk &, HEAARA BT
THREEAD) T OEBNS/RDEE 30 ~40 cm
D YS1, HEa~FHAARGEEAKREL TREEZTY
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HE~EAARAONEEL, REEZa) 7 EHFKES
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YS1, YS3, YS4id, EALMiEEA T TREHILY
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. REMOYS51E, 2o 3BTt~ & |
HATEST, 25 %EOH S0, BAHEA, &
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1). YS1 & YS5TiE, BEAEADOREITE (v) 13Eh
ZH, 1.694 ~ 1.705 (1.698 ~ 1.703) BLU 1.696

~ 1.707 (1.701 ~ 1.705) T&H VD, YS5 A& T &N
EERYT (FE1 K4). YS3EYS4icik, PETH
DG RR~ SR B TEERO S EAN A 6.5 ~ 11
%EEN, YS4 Tldnz = 1.688 ~ 1.696 (1.690) @
IR E R,

—75, YS213 29~ 36 %DUE@EMAE EK 50 %D
ABEWAIEMZEAREL, 5 BULOHI 2T N HA
D GRD. BIMTOBR - AXOEED 7 %Lk
EEL, THNRAET 7 SHORAICED T 77 L HE
I =gk s a9 5. HEANAGOREITRIIN: =
1.663 ~ 1.674 (1.665~ 1.671) T EHET7
HOZNIDPODEL, I T M HAaORTRIT
nz = 1.655 ~ 1.661 (1.657) T BHIET 7 &
FIEFRCEERT (F1, K4).
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BWEORFHERONTYFIEREN. LhL, 1 °#
EITIEE#H L, Het RIXMELNED s Nan. U5
TEEIM DR LB DR TD 10 L4 E & 75 5 8 Bkt 5
M1 KT H-o M, RFFAEIX 0.35 Ma EHMAYIZ
G, BHOAFHPLHBEDREEEZRIBN. 0D
HE L 30K T2E—T 7 IRFEICETD2HD LR
LT, 2RTOMmENEEFERELT510 £ 160 ka GR
31 0) ZEMUZ. R TIEEHEREE %A < T
NAHMRBLIIR DI FERMNEN ST, UT REMN
70 ppm E/NI Mo L OBPNEREN 31 % ERELR
o7z,

OD6 MBI LA=2)b a5, FEEIZ 30 ki
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TEBRAUTHE USRS, B 150 ki1 2% A THl
FLEEREFT ERBTEOHEE, £2I1TRT, 0
TNHURMEDER DI I HERTHD, 75 BE
% 310 ppm & HEMEMN S0, FHWEREEITH -
27D 1R TH7-0OFE FT i3 aho 7z 30 KL
TORETIE, RTERDONTYFIIREND RE
CERUE FIZRESESRD s NN Ens, ki
FOMEEEEMNRELT350 £ 70 ka 2157/~ 23
CHER 10 R T AN R ELZRAIETD, MTERDE
EEDRELBVWHOD, y*MREICHEKL THar LI
RIS D NN, Z0EDE 150 RFauds s
L7, 356 * 29 ka OIEFEFEREREH L=

1. OD1 DEALHMFHLAEARMRDT 7> D3t
Lt

RHEEEZE S & MiOT 77 TdH5 ODL I3, i
WAL Rk S EILWIAE R ATBI S K ILIR 7))V — 7 (2001) &

NIRRT, EEFED (2012) KX B n2 = 1.672 ~
1.681 (1.675) OUEFHRELIFIF-HKTE E 1. &
SO RAOEYTEII N = 1.656 ~ 1.662 (1.658
~1.659) T, EfL®OD2 DFNEHMIIFLCTHS
NE— RiFeveEmn. KHEIFEN (2012) TiE, OD1IC
BIF2HII T M RAEOERERBITRIREINTY
BV, INSOENS, OD1 OEGRENEEIE, &
FFFEIC L OREBEINDIRETHDHEERS.

MTH - B%H (1983) 1%, ODI1 &Il - HTH (1971)
BEUGHTH (1973) @ LEELE 5 #4 (Kap-5) 1K
EU7= )i - BTH (1971) 13, HEWHERSEAL -
JEAHAY Kap-5 EBARE 1 &G (Hdp-1) TIEEE
200, [WH OWRBLIEILY DB N RIS Z
EM5, Kap-5 & Hdp-1 N —#H O KIZHBIT 5 Bz
ZMTIZy NTHDAEMEZRBLTVS (K5).
OD1 & Kap-51i3, Winhbdb p-a%Ez2E£<&H P
BONI TN NAEMED STHRENTHS I -
WTH, 1971). Kap-5 OE FICHET 5 LIS 6 #%
i (Kap-6: NT [, 1973) &, £ )il - WTH (1971
Rtk EnNTH D, =

TIIEARSE 2 A (Hdp-2)
SITTEM SRR D —F 5 OD2 Ikt tk T T
%5 (WTH - B%MH, 1983). Hdp-2 D& @AM G O &
rERldIne = 1.667 ~ 1.671 (1.670), HI > k>

—%9%. UL, H@EARNGOEFTRIIN = 1.670
~1.678 (1.673 ~1.674) TH v, BF KWMLK
—7 (2001) O#HE (nz = 1.665 ~ 1.670) LIS

This study Machidaand Minagawa and Kanto Ash Layers
I Isoda (1983) Machida (1971) Research Group
(2001)
(HBPup, TE-5up, TE-5b, J4up, Ty1b)
NLu-20 (Clenser), HBP Odamaki Ash 2
APM—— 1E & (TE-5a), J4, Tyla 0D6 | (ODA) EF) (HBES) 'TQE;F
375+21 ka (FT), mostly 380-400 ka ‘ |
‘ ‘OD5| H Hur sland Iiﬁggji:} Tama114
|
| 0D4 H Sanshokupan—— Kap-9 Tama113
‘ 0oD3 H Anzu jyamu I Tama109
Hdp-2 (Kap-6) OD2 Shﬁkupaﬂ I Kap-6 Hdp-2 Tama106
510+160 ka (FT) (3) 400170 ka (FT)
460120 ka (FT; OD2+Hdp-2) ‘
Kap- 5 OD1 Mame mochi | Kap-5 Kap-5 / Hdp-1 Tama105
\i| u
Kanto District (southwestern part) Odamaki Hill Kanto District (southwestern part)

(1) Suzuki (2000), (2) Kanto Ash Layers Research Group (1992), (3) Suzuki et al. (1998). FT: zircon fission-track age

5 RBHET 7 IR EEFEMAEIROLE I O—LABTOFNZTY DT 7 T8 & DX,

Figure 5. Correlation of the Chibanian tephra layers between the Odamaki tephra group and the Tama I Loam Formation in the
western part of Kanto District, eastern Japan.
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BAEOETRIEn: = 1.658 ~ 1.661 (1.659) THD
(MTHE A, 1974). OD213, @AM G T 1.666 ~
1.674 (1.669 ~1.671), H3I> 7 b > T1.655
~1.663 (1.656-1.658) DJEFE (n2) THH (FE 1),
MAITELS —HT B2 &5, Hdp-2 & OD2 Oxtlb
ZBETES., ZOLSITOD1 & 0OD2 21w M TH
lkTc&EBZ&Mm5, OD1 A8 Kap-5 IZxt b 45 mTREM:
HFEWnEEBEZASNS (K5). 5T Kap-5IcDWTH
WARNEGRH 2 27 2 BlAQREITRNEE S NI,

MH DXL EHE TEHTHS .

2. BEEFEFKLUKEKE APm TT7 SE DR

AR (2000) 1, ERSECFEHED—-HTLF S
CWSLEED I ENS, 4ABOEREREH KK
(OD6, OD9, OD11, BLULODI15) »N4ETAPm 7
TIRICHETE, 4077 I D% IZDNTIIIA

777 Th s Kkt &/\rFHKIUHEEIRD Yt-hop & D

n This study Suzuki and Hayakawa (1990)
| |
Nukaf 0.P {OD17/—  Nukat | 0.P Nuka
(Kkt) (Kkt)
[oD16 [ |
B2 APm 0D15 | Upper biotite | APm B2
Zoneg
(Yt-hop) [oD13}H  white Pm |} Yt-hop
| APms
- rTT 300-350 ka
81 APm {oD11 M'dd'gnt:""“e I APm B1
APm BO
BO.5 roerrms P oeeemee AP Lower biotite | HBP, TE-5
ZONE 350-400 ka
(HBPup, TE-5up, TE-5b, J4up, Ty1b)
NLu-20 (Cleanser) Odamaki Ash NLu-20
HBP.LE:FS g'EI;E-5a) BO A.Pm (ODA) (Cleanser)
Y 37521 ka (FT), mostly 360-400 ka o]
Kanto District  Yatsugatake Mts. Omachi APms Odamaki Hill Omachi APms  Yatsugatake Mts. Kanto District
Saito and The “Crystal Ash” Layers Research Group (1996),
B This study Saito (2000), Kanto Ash Layers Research Group (2000)
=i
J:L Inarizushi [—— A:Pm/A.Pm
MNuka1 O.P oD17 Nuka1 O.P Nuka1
(Kkt) S l—-—-l_
0oD16 horizon B3
|| " APm
B2 APm 0D15 Furikake i B APms
2 370-400 ka
(Yt-hop) 0oD13 Atsuage APm B2 | (MIS11.0-11.2)
[ I NES alge S B1
u
B1 APm | oD -chyokka
B0.5 e APM —— ODY [ Akaten biotite} B0.5
| ]
(HBPup, TE-5up, TE-5b, J4up, Ty1b) |ops |H oOkara | HBPup, TE-5up, Jdup
o]
NLu-20 (Cleanser) -
HBP, TE-5 (TE-5a) BO APm 0D6 0“73;?,';;;““ BO NLu-20 (Cleanser)
J4, Tyla : HBP, TE-5, J4
37521 ka (FT), mostly 380-400 ka ) [ﬂl ca.410 ka (MIS11.3)
Kanto District  Yatsugatake Mts. Omachi APms Odamaki Hill Omachi APms Yatsugatake Mts. Kanto District

B 6

(1) Suzuki (2000), (2) Suzuki and Hayakawa (1990), (3) Kanto Ash Layers Research Group (1992). Odamaki Ash, Okara, Akaten biolite, Atsuage, Furikake, Inarizushi, and Nuka1
tephra layers correspond to Tama116, Tama118, Tama119, Tama120, Tama122, Tama123, and Tama124, respectively by Kanto Ash Layers Research Group (2000). As for other
tephra layers, see Appendix Table 1. Tephra layers in red color with parentheses are not correlated to any tephra layers on the Odamaki Hill in this study.

S - BTG DO F N T T T S8 EKIT APm 57 T8 & OXHEZED Mg,

Figure 6. Comparison of the previous correlations of the Chibanian tephra layers in Chubu and Kanto districts, eastern Japan, with

the Omachi APm tephras; data from this study are included.



TN fh : R BHDFNZT T 75 &0 FT 44~

AR fRICE D&, OD6 2 HBP, TE-5 BX U AiPm
12, OD9 # AsPm T, OD11 # AsPm IZ, OD15 %
APm I, TNZTNREL TS (K6A). L2L,
OD13 & Yt-hop OFRILICHEENH B Z EaEHINT
W5 (REIE2, 2012) 728, AT TIEHA - B

(1990) #HA (1992) EREKERIC, 775 DEHNE
OREEAEBICHE OWTHA 0T 7 5 EOXf L2180
5.

4 BOREREEKLKIE, KktiZkbxns OoD17
KO TFHICEAT S Z &5 AtPm ~ AdPm IR X
N3 FAR, 2000). &577 7 OBEOHER, MM
BT 2APM T 7 SHOBEDOHE (F4, 1972
A A, 1987 & K, 1992) & —FH L, OD11 &
AsPmAERDEETHS. 77 IMOKIUKTDEE
%, 0D11 ~ OD15 & AsPm ~ AsPm [ TR B HWN,
INBIEE, WINH APm T 7 SHEZBYOT S E BT
ROW@EANG Gk - B, 1990) 284, TO&E
FEIZOD6 & OD15 T£<, OD9 & OD11 TIIME
ThHs E1, K4, 2T UHEETIE, OD6 IZId#
PREATRL O BAERESERNZ <, fhoT 7 T TIIEAEH
DIAEIRAE L AIZL .

Bk (1992) 13, HMTH 2 EHIEER T KM H
WHESEIZHB W T APm 7 7 T BED JEH A A il fk R
BEFAICRE L, APm BSEMRICE(L A3 A HTRL 7D
FEENSIRD 2 &, AsPm CIREERN - A¥ENHIND
&, APmir FESCHBEMANEGOREITED LR &
bR EREEHSMIL TS, £z, AiPm
~AsPMICERINDI DN I CHERBICEIE-NH O,
A2Pm & AsPm TII IS H N Z 31U WIEHRAE 5
MENDITH LT, AiPm Ttk @ TERIRNE &IX
ML HELIRY gk - HE, 1987). LARHEET
7 IEICBNTH, OD6 IXE[LHEA TR L L 72k
HWIRTH O, BE/DLAE, 2O EOHIK THE
IAERICE A, DIV TR A TREERZ FE
&9 %. OD6 & OD111FEERNNZ <, OD15 d n2
= 1.692 ~ 1.694 IZE&— RZF D& EITR O %@ A1
L22<850 (E1, 4. Zok5i7, HXHMIZE
BHEFE T % APm T 7 T HOREMIIEHIE T 7 S HICH
WTHFEFHTE D, LMo T, OD6 & AiPm, OD9
& AsPm, OD11 & AsPm, OD15 & AsPm 25, *h
TN LI NHHEEIIEVWEEZSND (K6).

73, OD17 (Kkt) H_EICITEEREEEENTHER
XN, BEIEKINR IV —F (1992) K- 7 U ZT )
7w a2 (KET APm, BP) #f7E& (1996) @ [Wiz
DY UEEE] (K6B) ITHET 5. ARFHEIL Kkt Rfr
WZEAM L, AsPm H L <IE AsPm (REIEH, 1992),
HDNVEMT 7 T ORLBIIHIEI NS A[EEENH D
M, 77 T BEDOHRCEALENFR O EZ DT,

T OIS EROMEL Lz,

3. Yt-hop &D¥ttk

APm 77 S E O ICEDTIE, OD13 13 AsPm
DEF, APm O MLZIEMT 5. A - 51T (1990)
P HAR (2000) 13 0OD13 2 Yt-hop IZ kL 72 (K
6A). /\r EEEIIZEZ IV —7 (1988) iIckiud, Yt
hop I RNZEHILY & HEEL, BEAHBANLL, A0
GEEDIN A EEFY. —7, ODI3 XL @EMA AN
70 BLALEELL, RWT 20 BRIBORBHALY & 9
BIEEONI TN HAZRES (R, B
NSNS, JAALIC & D EAEDESR U 7z iTRENE
FERIIIEE TERWVA, IHEIF,N (2012) 23EHE
5L, BN 513 OD13 & Yt-hop Ikt
AR R = A N/ DAY

Nr ERBICHMT 5 BoT 77 U\r EEIRIZE S
Jy—"/, 1988) 1 OD6 iIcxttbEn (K- 7 U RS
U 7w a (KE APm, BP) %<4, 1996), it
BEHICOMT 55775, 7L 28— (B - BiEthes
£, 1989) ® OD6 IZxtLAlfEE TN TS Bk -
B, 1990). ZoZEMSE B LY, &B
IZ AIPm ICHEAIEETH 2 (K 6B). Bo @ _EATIZIE,
Bi, Bz, Bz (& - BT IL—F, 1967) EWHERE
REARICEDT 7T (T VAT I -T v a)BNEML
B1E _EIZ Yt-hop 23HFET 5 U\ EHERIFZE 7 )L — 7,
1988). &A - BEJII (1990) 1%, Bo Z A1Pm, B1 &
A2Pm, Bz % AsPm i, ThZFNREEL 7= (X 6A).
Lo, EREOREICEZNE B & B213 OD9 & OD11
ENENREENZ I EERD, Bi~B: (OD9 ~
OD11) MICHEREY S Yt-hop 2%, B2 (OD11) X0 E
LD ODI3 I LI NTEFORZINEL D, ZOK
NnHH, ODI3 % Yt-hop Kkt T 52 £
W, AR (2000) 1E, AT EEEICTHE W T Yt-hop 23
AsPm E EICHEFE L, Yt-hop ~ Kkt 213 AsPm @
HINHEFET S5 & LT OD6 ~ 0OD15 & AiPm ~ AsPm
OxttEEZ, BFEORZEKREHFRLTHS (M
6C). L2L, \TFEHERBIIHBTSEFOFHMS Bo~
Bs & APm 77 J# & OBRIZHHS Mz T TWhiR.,

I (2000) 1%, TE-5°HBP &, = 5Tttt
AEER TRERREET D J4 577 5 (TG - =ik,
1984) OB LICE@EANGOLZVWEAET TS (£1
Z# TE-5up, HBPup, J4up & # ) MNHRET 2 Z
L%z L, TE-5, HBP, J4 KB ROLEANA
MEEND ETLEALRBNIER FTHIFD, 1974
13, EROBEET 7 IMRBALLEER Thoilax
N2 EWMARGORITENHIE, LHMINLIEITED
ELU7z. &£/ Bo, 7L ¥ —, OD6 OAGRCHEHMEH
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X, INSHNEROBAGET 7 I O5 AN H D EE
A% Z ETHBTE, B, OD6, HBP, TE-5 B&X
CIADAPM 77 SHOTLIZEMNT HFR—DT 75
THY, BERMAZT— MIS) 11 DE—ZEE
WREIRL 2R T 7 5 ThHEEX (M6B). 5
2, Bi~B3BEDIYRF) - Vv aZ, APm T
TIBICRI U, BB UYL - Ty a (KIT
APm, BP) #f%%%& (1996) 13, Bo~ Bi BIZH 721
JUZRE)N -7 wvazRHL, Bos &g LT OD9
L TWS (K 6B).

WP H - #HH (2003) b, TE-5 2 FAL D TE-5a &

A7 @ TE-5b 12 X 4r L, TE-5a 7% AiPm & A:Pm
(Bo & B)) OEXBEIIHILE N, TE-5b 4 Yt-hop B
KUV RBHIERE T OD6 O 50 cm EALICH 284
(OD8) IZHttbE NS & RTWW5 (K 6D). F/z, B:
Z AsPm T L TWS, —F, i HEE (2005) 13,
KILWAZ 2 DERTHEEDOIHED S TE-5b (TE-5up)
%Z Yt-hop T TERWI £Z2B 5/, L, TE-5b
DRENEE L KIITH D AREE 2GR L T 5.
BHiET 7 SHTIE, H3I27 AR ERZEO
YEARNAGN FLEEDOT 7 SMhEDRATHD, &
SICELIC X D EAEORENHEL R EE NG,

C This study Suzuki (2000, 2008)
Nuka1 0.P {OD17/—  Nukat | 0.P. Nuka1
(Kkt) (Kkt)
|OD16| l |
Upper biotite | —R97
B2 A.Pm oD15 el APm A.Pm (=B27)
(Yt-hop) [oD13}H  white Pm | Yt-hop
B Apm —— op11}— Midde brotte | APm APm (=B1?)
£
(BO.5) werrrePercees AP o Bl '; APm
(HBPup, TE-5up, TE-5b, J4up, Ty1b)
NLu-20 (Clenser) -
HBP, TE-5 (TE-5a) BO A.Pm O"?gg*ﬂ?sr‘ APm BO HBP, TE-5, J4
i Tla 37521 ka (FT), mostly 380-400 ka % 380-410 ka (Suzuki, 2000), 360-380 ka (Suzuki, 2008)
Kanto District ~ Yatsugatake Mts. Omachi APms Odamaki Hill Omachi APms  Yatsugatake Mts. Kanto District
D This study Machida and Arai (2003)
Nuka1 Kkt {opi7|H w ' 0.P Nuk
1 ukal | .P. uka
(Kkt) (Kkt)
Zone
(Yt-hop) [oD13}  White Pm | — Ythop—
B1 APM [oD11 Middle biotite APm B ——
ZONE
(BO.5) ceereePecreccs AP Low:;:;oiite |
(HBPup, TE-5up, TE-5b, J4up, Ty1b) L TE-5b (TE-5up)
NLu-20 (Clenser) s A.Pm HBPup, J4up
HBP, TE-5 (TE-5a) BO APm (ODA) APm BO TE-5a (TE-5),
44, Tyla 375421 ka (FT), mostly 380-400 ka . ) _HBP' J4
M ca. 350 ka (Machida and Arai, 2003; Machida, 2008)
Kanto District ~ Yatsugatake Mts. Omachi APms QOdamaki Hill Omachi APms Yatsugatake Mts.  Kanto District

6 (#r&)
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Figure 6 (continued). Comparison of the previous correlations of the Chibanian tephra layers in Chubu and Kanto districts, eastern
Japan, with the Omachi APm tephras; data from this study are included.
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OD8 OAEAREME#M E 1D 3BT LH ODS & Yt-
hop DX EZHEFETZHHDTIEARW. Lnl, AW
FTHEFELZ A2Pm Bos ?) TIN5 OD9 ®
AsPm (B1) IZxttbE 1% OD11 & D EM D F G137
RINBNEETHY (X6D), ODS8 % Yt-hop IZxf
gz zEidudnln, Lzai> T, BHIRTIZEH
BT 7 T HEIC Yt-hop ICH HLATRE/R 7 7 I 3w 61
BNWEERDZENZYTHD. 27ZL, OD11 T
AsPm EJR SRR EET RO S BEANGIESLL,
ZFOBIFTRIIn2 = 1.668 ~ 1.679 (1.676) &, ODI1
ERMOT 7 IITHRTOPEWEZRT (K4).
XD BEBEANAIEEEOAKILRE (OD12) 15
RRZ U mREE @ W S IR L 7273, TE-5 (TE-5a &
TE-5b) @ X951, Yt-hop O#EAELR L T3 Ak
N2 DN LI,

4. APm OEHER

AiPm ¥, OD6 (ODA), HBP, TE-5 (TE-5a),
BEIXUOT4O&ET 7 FiTxbaniz (K6). £31iTi3,
AWFFEICEL D OD6 @ FT HFRICHA T, ODA, HBP,
TE-5, J4, BRURRE# K LHITHIET 2 Tyla 7
77 (PHE-FRE 1998) oG/ FT FRZERL /2.
INSOFT F£R1F, 2 TAMFEER—DOFiLk BRI
LOHlEEN, 2 TCE—FYHENEINTNWS., Tyla
WHTH - # 3 (2003) @ TE-5a IoxftbanTH 0 (FHE-
g, 1998), 2L ki 133 hiFERRE LizE
KEFT E#RABENTNS (FHE - EE, 2005).

OD6 (AWF7E) & ODA (HTH, 1996) BT % 3
DO FT FR1F, BHERBEOR—T7 Ih6BonT
B0, EEHE 10) NT—HT5. 3EOMELY
FRIT 364 £ 24 ka RZE1 o, KFE210M@), ¥
LA SR O U R #EE 313 ppm TdH 5. HBP,
J4, Tyla HEZEHIM (1 o) T—%T 2 FTERMN
BonTnsg (E£3). =5 OIMENEFEMRIL 400 +
38 ka (FRZ 1 0, KFH 193 M) THO, HREIX
WA OD6 O FT MR EITEAEMENT L, P
IO U EE (313 ppm) d—HT2HI En
5, T INMLEEIBAENTHS. TIT, IhsaeT
DOMEFEERZRD D &, ERERHO A/PPmIZDOWT
375 £ 21 ka GE%E 1 o, K403 fE, FEHUBRE
313 ppm) @ FTHERNESND (£3). L, #H
< O AIPmMm IZDWTRH—OFiE B THIE SN
722 D@ FTFROIMEFY (398 + 36 ka:iiZE 1 o,
ki35 138 f@l, ¥ U B 290 ppm) %, 390 £ 35
ka CKiT# 150 ) WO BIFETHE SN FT £/
(g, 1999) L HREHPFANT—HT D (E3). FT
eI RS 388 £ 50 ka @ RITL 44X (Tsukamoto

et al., 2007) ) akmE MW/~ 375 + 13 ka
® (U-Th) / He 4 & (Ito and Danisik, 2020) (i
Z3nwind20) &b, BEMBANTRS 8T 5.
L7223> T, AtPm ORHFERIE, 838 (2000) SHH-
FEE (2005) H¥EHT 5 X 512 350 ~ 400 ka DO HipH
WCADEEENENEE Z 5N 5.

BEHAER &1, APm OEHERITIILTO X
S IERFIKDIERHM SN TWS. 1) TE-ba lZ%LE T-e
m (ATHE», 1974) OBEKBICKHE T LT 75 Th D,
2 T-e HIlE MIS11 OUFHEIC R S 7z (BT H - Fr
2003) ; 2) RREHHTIE Tyla OE FICHIKE T >
J At Pseudoemilliania lacunose D#fjk/EsE (410
ka : @UNEH,, 1995) D (FHEH - EEH, 2005) ;
3) HREBEHHD I3 77 THE LICH D HREAH
ORA, 1935) \FHa#m2 B b aBEN SHR SN,
Z DB NI TRIRREOFILUNLET HE—
IRRHOEND. JARIAMEATEE LT, EEoResn
A, FH RN X M8 2 B UEICHE T % (4G - 3 7E,
1984) ; 4) ZORBREBEOHEILRNLET HE—TIF
MIS11.3 iZREEN TS HTH, 2008) ;5) /\r &
e~ 9 DA B R FHE Tl YEE
e ban S 1L B oSN EEINTBD ((#
HIED, 1988), Bz (AsPm) 72WL Bs (AdPm ® L
<13 AsPm) DFRIKEHETRENIERIL L 7= rTREMED &
weaIhd GEE - /\ 7 BEIEHFE 7 I)L— 7, 1992) ;
6) FHREHEETO Ybl 77 T AdPm I I N,
ZF ORI Kkt FALO MIS10.2 fHE &g sd (0T
H - #2003 #iK, 2003) 5 7) BIEHGLIFEOH
AFNETIE, MIS11 ORBEN (MIS11.3) %I
PSRRI, TAN RO LA N EET S &
TH#DOWI SN2 (R, 2009 &H, 201772 8).
BE S fp TR X 172 GS-KS-1 a7 DML
B (FPEIFDY, 2009) TlE, Tyla (AiPm) ¥
TFESESE L, 7HHHEOEHIT 3% K& KR
THO, TylaBWMIS11.3 KDORENTHEK LD
EDURIREEINS.

s OFERHFMN S, AiPm id MIS11.3 D%
T, MIS11 HIZHEH Lz RbENEEZ 5N
%. MIS11.3 % MIS11/10 ® K& FER1L 405 ka
BIOUN375 ka LN TW3B (Lisiecki and Raymo,
2005) OT, FRHFINOSHEI NS AiPm OEHIFE
1% 380 ~ 400 ka D#HIF LA HND. RIFFLTRL
72375 £ 21 ka WS AIPPmOEREEFTE£RILZ
OFEREHEDERD, BEWTHS. A (2000) 13,
OD6 7Y AiPm, HBP, TE-5, J4IZxflkT& 5 &L,
MR JE D T4 O JE AL B L OHE B 8 A MIS11 D]
KIFICHRE L =Mk ECTh 2 2 & (MTHIED, 1980 7
E) s, ZOEHFEMRIZ 380 ~410 ka THAS &
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%3

EHFEXILKE (OD6/ODA) EZHUTHILEIND AilPmAREDT 7 T/, BIUVRBHIIEE 2 &4)g (OD2) &zhicxt

Xns7FI75BOY—FREEZRWEZINIA T var - bTvZER

Table 3. Zircon fission-track ages based on zeta calibration for the Odamaki Ash Bed (OD6/ODA) and tephra layers correlated
with it, such as AiPm, and those for the Odamaki-2 Pumice Bed (OD2) and correlated tephra.

Age Error No. of U-content
Tephra name Reference
(ka) (o) crystals (ppm)
OD6 (Od-6a) 350 70 30 310 This study
OD6 (Od-6b) 356 29 150 310 This study
Weighted mean 355 27 180 310
ODA 410 60 30 320 Machida (1996)
Weighted mean
OD6 / ODA 364 24 210 313
HBP (= TE-5a) 430 90 30 290 Suzuki et al. (1998)
J4 (= TE-5a) 350 80 30 340 Danhara et al. (1999)
Tyla (= TE-5a) 410 50 133 310 Nakazato and Danhara (2005)
Weighted mean
HBP = TE-5a 400 38 193 313
Weighted mean
OD6 (ODA) = HBP = TE-5a 375 21 403 313
A;Pm 470 80 30 280 Suzuki et al. (1998)
A;Pm 380 40 108 300 Danhara et al. (1999)
Weighted mean
APm 398 36 138 290
A;Pm 390 35 150 - Ito (1999)
A,Pm 330 40 108 300 Danhara et al. (1999)
As;Pm 370 30 108 310 Danhara et al. (1999)
OD11 (= AsPm) 380 70 30 320 Machida (1999)
OD2 (0d-2) 510 160 30 70 This study
HdP-2 400 170 29 40 Suzuki et al. (1998)
Weighted mean
OD2 = HdP-2 460 120 59 55

All fission-track ages except for the age of A;Pm by Ito (1999) were obtained using the same method and procedure by

Kyoto fission-Track Co. Ltd.

w7z 20k, BTH - #HH (2003) HTH (2008)
& TE-5 (AiPm) DMHEHENZE 350 ~ 360 ka, #HAK
(2008) 13 OD6 (A:Pm) O H 4L & 360 ~ 380
ka ELTW5S., AHEORFNSIL, § 2 FIXOPH
TEDHEFENRTHO, #HiAK (2000, 2008) DHEEM
HERNZY THoREEZ NS,

5. EREBEOEAER

#A (2000) 1F AiPm ~ Kkt @ k1K + 8 o HE
BEEZ-TEREL, Thz2/EL TODIL % OD2
DOEHENZ 45 ~ 50 THEFMTH D EHELZ. In
IZEDWTHA (2008) 1%, BHEEmE OB (HEK)
FEREK S0 TERMDOMISI3/12ERAHETH S & L.

I L TEARIER (2000) 13, HBPIZDOWTES
NTWW/= 340 ~ 520 ka @ FT FER GhAREFH, 1998
BE) e, BHEWIE MIS12 QKM HERE U 72 D
JE A MIS11 OREPKIIC TR E N TR S Nz KB T
THO, FOEKMZ MISI2 KTH 2 EEXT-.
JEI &L B OD2 EFNITx kN5 HAP-2 @ FT F1L
(BARIZD, 1998) DOMMENEHENRD 460 + 120 ka
tmENMKREL (K3, 77 TIDOFTHERETNSRE
HEmHOERERZRET 22 30Tl Ly
L, Kkt (OD17) D% 330 ~ 340 ka (ATH - #r
H#, 2003), AiPm (OD6) OMEHERZHLBD LS
12 380 ~ 400 ka & L T#iA (2000) &[FFRIC OD2
OWEHERZRES & 420 ~ 480 ka £750, OD2 @
MBS FT H#RER—ET 5. OD5SE N5 OD4
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B FETOBETIIKUKLEORI(LEY Ty 7 HD
FENELL EEKUKRII—T, 1992), ZOFH
M MIS11 OREEMICHIL I N, 25T O OD2
P OD1LIIMISI2 IKEH L ZEHEEEIND. ZL T,
FEHEFEEEL ODI KK £ TICHEZIZITKRATWVS
TS, EHEEIE MIS12 fIciiKk L Tzl gelk
NEWwEEzsh5.

Bk A2 72 b Hi D AR I AT 1T AL D E A 72 K LK
HoMit - IV NEEWEEREOAE N L, R
HeEEFEGREAOHEE I TS (ITH - 0,
1952 : HTH - B&HH, 1983 /K - J@, 1994 72 &).
ot - IV RERSIE NIV TICHEEINS
AREESE WY A ER U (A, 1936). bk
7 AT, K63 JTERO MIS16 O NI
LS L OEGEZEL THAFISICEAL, W57
EETO MISI5.1 I3 L 7=EZE 265N TWD ()
7 - 5L 1999). LaA->T, BYofbashyay
Vol ORENHERTHIE, B HEEE ORI
MIS15 O 60 FERMETHZ EEZ 5N 5. BHEF
e, BRI DT RIRITIA D S E G R 2 Ak
LTWizEHtEanTHo (ITH - sH, 1983), H -
&AL D B Bt e RS R T LE R TR N O B b L
<, HWEHERFOWMIRENRKESEBL TWEEZI 5N
Twa (ITH - H10, 1952). 2o XS RIS, BH
FEE 7S MIS12 & WD B—DKIIC AR & N - KA EE I
T <, X0OEMICOZOERINZMRETHS Z
LERBLTWS., Doz ens, BHIBEEIZH S50
~ 60 FERTD MIS13 ~ MIS15 IZER SN, #9542 ~
48 HAERTO MIS12 I3 TIZFRANE N, BEEEL T
WizkEZ56N5.

: s

BASSEEF I EE, BERAMORBHED — ABICHAET S
17 BOT 75 ORI TFHK - B, EAHEA - %
WARG - W27 N HAQENIIREEDEAREY
BHMZ2HSNILTODL 77 T OEA R E A2
sil, OD1, 4 BOREREH KLK (OD6, OD9
OD11, BXUODI15), BXUODI3 DT 7 Ixttt2
HRBRHLEZ F£72, OD2°0D6 DY —FRIEINn/-
DI aAYFTHERBIEZTV, ZOREEBEEM G T
AIPm IZHEEEINZT 7 FITDWTH—DFiE, HE
THIEINZFTHERERAEL T, APm OB HENR
ZHE L. 5I1I20D2 O FT HERAEZMKL T,
BN EEETh 2 BHEmOBREREER L. Zhb
DRERIILITOLSICE LD LN 5.

1) OD1IEB -FAESLHI T b HazEMNIcE
<EH EBEMANAOEITRN OD2 7z EM DR

GET75X0B00E<BEHMTHS. LT,
ORI BAARBHIFHO—NS, ODLIZ
Kap-5 77 FICHLATRE T H 2.

2) AAGEIREHMO B> Kkt & OFMBERR EN
5, OD6, OD9, OD11, OD15 ® 4 Jg 7 Kk HJ
APm 7 7 J #® A1Pm, A:Pm, AsPm, As4Pm
WENENRHTED Z ENEREN. —F, B
SR APm 77 T E DJEFREROE WD
5, OD11 @ EfZICHERES 5 OD13 % Yt-hop IZ
FIET B Z LD TnLN.

3) OD2725 510 160 ka (3% 1 0, FH U E
70 ppm), OD6 25 350 = 70 ka BL U 356
+29ka (WFNHREL o, FHUREE 30
ppm) DOI)L A FTHERMNES .

4) N5 O0D6 DY) L FTHENRS, ZNETI
F—DFik HEICLXOESNTWSRHEMA T
APmiZtbE N7 7502)a > FT FR%
BEL, A\tPPm IZDWT 375 + 21 ka GEZE 1 o,
ki ¥4 403 &, V45 U BE 313 ppm) D MEN
HFT FREEBT.

5 ZOFTHMRUL, BRERFRAMAKLEF LOMESED
R EICL2FERHEEZZEL 72 AiPm OHEE
EHAERTH S 380 ~ 400 ka EEENTH 5.

6) mEAEXE - BHEEFHIZHR 50 ~ 60 F4FATD MIS13
~ MIS15 IR SN, MIS12 DK 42 ~ 48 JT 4
ANCIZ T Clelik R L TWieEHEEINS.

AL TIE, B - BFoa Al ERaIC

RRL, 4 BOREREHEKLUKEK APm 77 S8

DEl# DT 75 & DK, Yt-hop & D*tbk & kGt

L7z, UL, BEIWHRSEEARGDOETRRED

AOREHNEMREE T 7 S TEUMT Z Ens, F4

CWESREE (AR, 2000) 1ZhHNA CHE AR O ERS

LR 2 T2 AL, TR, 2004 FiED,

2005 ; Kotaki et al., 2011) 72&, 57 Xt OHERE

BEODIZODHIRFEEZEATLILEND S S.

EBHEEEOT 7 SH%E T, KIT APm 77 S#/2

TR, ArEKULREE L AkUNSEH L ZFN

7T IS ERE<BETES. INHDT T T

O T MISS ~ MIS12 O E/IcH =0, MIS9 %

MIS11 ORDKEEHE & kLK Lo L8k & D%z #B

NTBHIATHEETHS. BHEBERIIA/N—7

ROPAHTA D1 DEINTHD, EEEICHE T

T IBENGHRBMREEAIN TN Z L2 MFT 5.

&

AR HoEREOHY)BEMICLDLEIN L.
AWIFENE, FEIHEEH DN R EURFE M =T
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BOHEST, WHREEEZFT DD A THARYR IR
ZIEE, HWEBIEWZ. 2021 4F 3 HEROTEFEREDO X Y)
DERAIT, INSOHLITESBILEL EITFET.

MXEE

PR MO BHEH LICHE T2 F NNy DT T 5
NS 17T EOT 7 I 2RI, R - HILY
MR E GG - AP EOM I DB R % 05 L
TTF7 7O EFRMRE L. & FMLO OD1 77 J13,
INETORRE R 2 A0 #MERL7Z0Y, B
WA PEED Kap-5 77 T EMLAEETH o /. 48
DOERERITEDMACKILIK (OD6, OD9, OD11, B
L TOD15) 13KHT APm 577 J#® AiPm ~ A+Pm
ENZEN I N, S\ EHAKLEED Yt-hop 7
T IR iR T T SRR e o /2. £/ OD2
TI1E 510 + 160 ka ®, OD6 Tl 350 + 70 ka B &
356 £ 29 ka®, V)AL HEREMNEZT v g
>+ hIv s (FT) R GREEK 1 0) 2Hk 2
SIZINETH—DOFE, HETEREINZ2TOFT
FEREREGL, BEHHICHAT 2 AiPm ONEYY
FTHEMRELT375+£21 kazxkd/z. 285 0D2
% AiPm (OD6) @ FT FR7xEMNS, RBHEFMmIEK
500 ~ 600 ka IZEk SNz EHEE I NS,
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Effects of thinning on undergrowth and pollination in a Japanese
cedar plantation —A case study at Afan Woodland
and the adjacent conifer plantation forest—

Seiki TAKATSUKI V" and Ayuko MOCHIZUKI

Abstract

Twenty seven percent of Japan is covered by plantation forests of evergreen conifers. Studies on
forestry in Japan have emphasized forest productivity, while biodiversity conservation has not been
well studied. The present study tried to find the effects of thinning on undergrowth and pollination in
a Japanese cedar plantation. Thinning improved the light condition of the forest floor. SDR (Summed
Dominance Ratio) of the undergrowth in the thinned cedar forest was 1.7 times greater than that in
the cedar forest without thinning, and 4.5 times greater in the second year. Pioneer shrubs and large
forbs typically growing in open habitats greatly increased by thinning. Thinning also increased insect-
pollinated flowers and pollinator visits, which were quantitatively similar to those in a deciduous broad-
leaved forest. In contrast, no pollination was observed in the cedar forest without thinning. This study
suggests that biodiversity is recovered by thinning the Japanese cedar plantation forest.

Key words: biodiversity, forest floor, plantation, pollinator, thinning
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EEHAE 2k - Bk TAHARELEMNT S Z ENFHE
Nd. INETOMXEOMETRIDOIIRERNSED
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TaAF IR EDEELERMZMEML TWD. AR
%, F34EL>TNDS (1K2).
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FROBMICH LT RO 4 % (BRI 2 45
KBWTUTOHEEZ#EL, L ED.

1. BHEER S S EE

ZFNTAR, AR, EZELZE/AAT 20 m X 20
m OFEAFERZ LD, VAOHEAEMEEZ 0.5 cm
OFETHEL, WHEZRDZ Iz EdHEIC
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KEBETERLICEEO. BIREE & W mfE sk
ROFWMYTha B TRBINZ 720, BERIEDML
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AEER BHEEAR AFAIH BESbh  EELESH S HA X
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1FRFRNCRRE L. TR 2 W RH T H 500 9 Iy
NS 17TRETCOMFOHEEMDOAFHEHEE, &HDOK
EEO AEEEE RO . SR ESEEIIEROHEIEMD
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1m X 1 mO/NAFBRNOHE (%) EHEYOES (cm)
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HOREICXZ2HD), BENTE (RICHAEDOE
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]2 AFNLH, LA, VEZEIRZERIAR O IR O o Wi Rt & 5HE & .

2% N LR Ik Ak T HE LR AR

B A @ Membrmeal wE NaeEimeE #E
(m”°/ha) (/ha) (m*/ha) (/ha) (m”/ha) (/ha)

X 82.1 1500.0 54.1 775.0 0.0 0.0
= i B 0.1 12.5 0.0 0.0 11.1 158.3
Yo7 0.0 0.0 0.0 0.0 9.1 108.3

s an 0.0 0.0 0.0 0.0 2.3 8.3
FOih 0.5 62.5 0.3 150.0 6.3 358.4
&3 82.7 1575.0 4.4 925.0 28.8 633.3

ok —FrOEZIF100 m M5 410 m T (& 1),
M HORMETTRIETRICFA U — b EA5E, BRick
DIfEMHER I NS, TR, A& —FEMhS O
Bt RRAZERELL. BRINZERIIRH
H, B#E, BE#E (7 VIR, #EH, Zoftic
L, HMEOMAGhbEEER L BonT—
M EHEE L ZIERE 10 m & DR (R &P B0
FEDODNEEEE W) B3R, BEVE Z S ITERL 72
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DLEMIKRL /2. FHENHER I /= RIETEREY) O EF
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BHE, K, ZOMDADIIHTE /) ara
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L [ZoM] L7
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% THh-olk. KELESHKROBWSHRESEHNI/NE <,
28.8 m?/ha THo/z. FONFITAF ALk ERITEH
TRAFERELE L TWED, BELESMKZIOFS, v
<Y 5 (Cerasus jamasakura), %’ 71> )\ (Betula
ermanii) 72 E D ELEBM N ERTH 72, Z DR,
ZHERKEH 3 AF NI 0.074, [HKH#KRN
0.052, PEZEJLEERBIMAY 2,451 TH o=
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AFNLHOH ZEDREDHFEHIT 4 A1213 3900
Ix f21, 5 AIZI36900 IxEEH 57205, 6 ALUKRA
W< 72> T 7, 8 AITIZ 1000 Ix BT/ 0, 9 ALK

123000 Ix RIS/ 728 11 AICHWEHAT 2 ENWSZE
{bZERLU7=. MEMTIEZ4 AI26300 IxEET, 20
‘wim2iTWA L, 8, 9 HICiZ 3000 I1x #ifg, 10, 11
AIZ13 1500 Ix EEIC/AR o2 (K 3a). Wi#Fz by
5&, WMBEETDENSEIINT T, 5 AZBRE
MEMIIAFAIHE D ® 2 ~ 3 EHI MO 72
REDHTBEORAMED A FEE TIEAF AT &K
MOBENDNIEFICAREL, AFATHTEEZRTIE
5000 1x £ Th o 7243, LM TIEHFEIZ 10,000 1x
Z EED, ETH 8000 IxfEH-7~ (K 3b).
AEHERIE, B E ZAFALH TR CZH/NY —
CERLULED, MEMOFEN 1 CEEENM NS (K
3¢).
ASEEREE, BRAFAIROTRDTMIELS,
FENLBRIIEERAD A3 eEmn o7z (K 3d).
ZDOEDITHRICE > T, BENEBLL M,
ZALEIMIRDH S < 72>/ & ThHo 7=

CET=9AN

3. TREHEEDELH

4 NFIORIEICBITS 4 m* TOFEKITH> &H LM
SO M 2 4£H T 22.8 i, PUF, Mkt 14EH
% 20.4 FH, VEIELEERIM SRR WG 18.8 1,
AFANTIHNRADTI2HTHo/. ZDOE, AFEE
MHODIFZAFANTHEZTT, o 4#EITNTE
HEEMNH-> 7~ (Kruskal-Wallis #E, x?=27.01, P
< 0.001, Steel-Dwass #7E, AF AT Ak—FE{Etk 1 4
H:te=-3.792, P = 0.001, ZAF ANTAHA—RIEHk 2 £
H:tz=-3.792, P = 0.001, AF AT —EZELTERHL
i t2 = -3.650, P = 0.002, AF ANTAHA— (R t2 =
-3.485, P = 0.005). L, L, Z0ENIITNTHEE
INTEN D T

4. TEEYMOBREELE
THEBEEOHEEESEIIAFATH T Eb/hEh
o7z (M4a). FEEESEIREKIFEHOMBIIAFAL
HoZENXDHRELL, 2HEEHT25FITE>Z. 20
IR ZELSERIM 2 BBl D, RERHITILE L 7.
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(2014 4F) T/ 2 &, ZhosMEmMT2LEbic, &
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barbinervis) 12E, KK TR 7 7oF v >irE, O3
Y TIEF 27N Rao (Dioscorea septemloba) 75 &,
INRIIFEERLAR TIZ 7 F  (Petasites japonicus) 73 &E,
HPEEEY T3y 7Y (Commelina communis) 73
E, I TIHIVJI Y (Stegnogramma pozoi subsp.
mollissima) 72 EMNEN o7z,

REHTOEBHONFIS /NN TFEEA, KB
FEEAR, DDHY, P RENELL, wWInbd 48
% (MEMIZ 240 P THRATH-Z (K4ba). D
LM TIE / 7 R (Ampelopsis glandulosa var.
heterophylla) 73&, HEMTIZIAXF Miscanthus
RKERFEREATIIEAD a4 >
(Erigeron annuus), AEF (Artemisia indica var.
maximowiczii) 72E, INURFEEARTII T+ E,
A TR YV TV (Matteuccia struthiopteris),
’r % (Deparia japonica) T2 ENZMo 7z,

sinensis) 7% &,

2) BMBICKBHEE

fIflobk 1 4F H TR A F AN LA & i U T # & H
AkEn, A& BAREY), BT REY) O R 5 AT O 5
Zholz (K4b). Bk 2 FHIZES EINS KR
SR, RRIC Bt S ETRE A IR AT R 23 B A T
7% SR BER IR 2 E H K 0 B EB R EAT Y 3
KIBIZDTm > Je. R OREEE 5 E GO NERITK
RORT SR & > TN % <, B Rty & &
PNV YA Y

3) EMEBCKHERE

I flobk 148 BT bl U CRIfobk 2 48 5 I3 R e i
VoOBEESENEL HEML, EELEYBEA L
(X 4c). PEEEJRZERBIM TR obk 2 £ H X 0 EBEAEAE
WMDYV Ts o Te. ARERI T3 B AEREY I bk 2 H,
VSR TERAR EFREEE Ty o 7o s, JRIEAERE 13 Hobk
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AFATIHTIRERICK DR E>Z<BEINR
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100 m), 7F (40.2 18 /100 m), 3 RU/)NF (19.5
E /100 m), # kI3 (Patrinia villosa, 18.3 [H]/
100 m) 72 & DFHERN LN > 7=,

P 28 U COBEHEE, AFATH &R
1FEEHTIIE>Z<E#ZEN 2L, MM 2 FEEHTIE 21
[ /100 m, P&ZEJAZERIARAY 25.6 [8] /100 m, {RERHIA
21440 /100 mOETH > 7= (F4. FHEHEEILH
R EEELEBMMOBMICIERZEN AN 2N
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Garypus japonicus Beier, 1952 (Arachnida: Pseudoscorpiones:
Garypidae) from approximately 110 m above sea level at the sea cliff
crest in Japan

Kenji KasHiwact P *and Hidebumi SaTo ?

Abstract

A living pseudoscorpion (Garypus japonicus Beier, 1952) was collected on August 28, 2020
from Shimono-zaki Cape along the western coast of the Shimokita Peninsula in Aomori Prefecture,
northeastern Japan. The sampling location was located approximately 110 m above sea level at the sea
cliff crest, which is the highest recorded habitat in Japan until now. The occurrence of pseudoscorpion
at Shimono-zaki Cape as observed in the present study and its occurrence records with detailed
topographic data are well investigated. The habitat of pseudoscorpion is mainly supratidal zone and its
higher sea cliffs ranging from several meters to ten and several meters high, and in a few cases, reaching
to several tens of meters to over 100 meters high along sea cliff. In addition, it is the important factor
for its inhabiting environment that sea cliff is made up consolidated rock mass with open fractures.

Key words: Pseudoscorpiones, Garypidae, Garypus japonicus, Shimokita Peninsula, sea cliff

(2021 4 A 23 H=ZAF, 2021 4 10 H 8 HZM, 20224 1 A 5 HFfT)
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ALY HOHR TR RO TH 5. Hilksl &
SN, MEE, AN, ALHEEICED, i ko i g
PAERAMOTNHMBRRE TEICHBEIN TN D
(Beier, 1952 ; Morikawa, 1960 ; &I, 1969 ; £,
1978a, b #EMH, 1995). &iff, ®WE{Z)IAET O
FRTCEMK L ERN EZRS N, JEEE TOLRBENRS
AORREMEITINA, BIREN L TONMOILHD RS

Nz Ok - R, 2019). AHEE, ZHETHREIN
TWBAERREICEDE, —RiiEEIHO—FEEL
Th<##HIh Tz, iz R (1995 13 [E
BMRAAEFEYXE O] OFET, et
OEBRBEOEENMELT, “WLEN5KE20-30
mETOHIWEICRHEINE D" &L, 1V
L BARERICEE L. £, AFOEERNINET
FEER I N-EST, CHRICRERIC L S S 10 m NSt
Loz ENFEAEEHWIIND. —F, FE)IE
FEIRTIL DB TIIAER 45 m D &ETEER T OHREER
ndHs Rk 1978a).

LOAE L 20204 8 A 28 H, HFHRBE TALE S

D gl R A B REER R T 930-8555 FILTHAE 3190

Department of Environmental Biology and Chemistry, Faculty of Science, University of Toyama; 3190 Gofuku, Toyama

930-8555, Japan
* Corresponding author: kasiwagi@sci.u-toyama.ac.jp
2) 7 223-0058 HHETTEILXF & H W 8-23-13

8-23-13 Shin-Yoshida-Higashi, Kohoku-Ku, Yokohama, Kanagawa 223-0058, Japan

— 109 —



ANEH#  Humans and Nature no.32 (2022)

WHSHEHNT /BTN T, =5 110 m OWFEETE
HoERPOROLZENEENS, (VAL D%
R1EEZREL-. ZOESEE, AFEO4& BN
BINEESE L TRERGIRT TEW. AFTIE, €0
FEMSOREOHMEZRT EEHIT, LOEEFOEE
R COAMOABERREZ RE L, AMO4ERREIC
DTk d 5.

AEMIERD I
AVAZL T ZHR L HERREINT /WS, §&

BT E SRR O P RAMATICAET 2. TIEER
VBRI L, 2 OME IR BBRE O A H

YR 5 BRI 2 R TRIEERIART TS, dt
5 O R K G2 5 B o O O ALz 2 0, Jt
LT — P I HE O S W AR WITIE S L 10 m
5100 mBOWEENERT 2. T /IEIERMEAM
ICEERRE IR IC U, v —JEER A Il S
7 110-130 m O RE EFEMOLE 50 m O RE
WHEN D (Fig. 1). WORRIIEN — Lo RE
M- C, dLHROER 130 m A5 PEICHER 70 m
FHEE THROMTES 2B C 5. T/ IBEIEENE
RRAEF 2 23 7oA IR YR A 48 T & 2 Rk DY /TR
THL, Fr—hOWE, REOESHKEDKR/NMELTR
Ty U EMCE R ICEDRIEEHNA SN S (B,
1975 5 A - [RE, 2009).

@ A Hokkaido

v

!

A

® Fig. 1
\..\/'J \ Fig. 1B
'
gz
=
o §
1 Aomori Pref.
£
£
7]
3
~

P

Akita Pref.| Iwate Pref.
o

'Hokkaido-/
gtrait
sy

Shimono-zaki Cape

¥

Fig. 1C /
RS_}.II‘UQO Hokkai-Misaki Cape

Peninsula

Aomori Pref.

L —
s

i

ws

VAR 7000

EB13

Figure 1. Geographic condition of the study area, Shimono-zaki Cape, along the western coast of the Shimokita Peninsula in Aomori
Prefecture, northeastern Japan.
A, Current system surrounding northern Tohoku and southern Hokkaido; B, Localities cited around Tsugaru Strait in the
present study: Shimono-zaki Cape where a living pseudoscorpion (Garypus japonicus Beier, 1952) was collected; C,
Topographic map of Shimono-zaki Cape and its surrounding area. Sampling location of a pseudoscorpion in Shimono-zaki
Cape is indicated by the black cross with an illustration of a pseudoscorpion. The base map is a 1:25,000 digital topographic
map that was originally published by the Geospatial Information Authority of Japan.
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AL DRERFAEAFTHER

2020 4£ 8 A 28 H, F/IKITBVWTEERE T DEY
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AVAZLTERE L. BEMAE T/ IHOS5HE
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(Fig. 1C), ZIn6dtiICidREZ2RTHEENSHE
T o, 2 L ik E2 00 2 ENTE S (Fig.
2A, 2B). WREETICHEHTZ2EENS, HORK
mm OHENH THEN L GaRARIZO0Yy 7N —T

U2, AadptoEINBEE LTIV 2L D
k1 k2R UIRE L - (Fig. 2C-2E). Z D
RT, R A X EBR Ol K 0 SRR = L8
EWELEBDOD, HF—FEHIINZLIHEICET S T4
BAHAMZFFE bR TR /2720, BOBFEEED
B g 2R et T IcEZE L s> 7z, IeB, 1
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HEINEH T, RO BEmNiRL L& T
DDA A7, M2 fE > T /=,
AVAZLTERIT, BHO 8 A 29 HICELIZH

Figure 2. Field photographs of the sampling location of the pseudoscorpion. All photos were taken on August 28, 2020.

A, Sea cliff crest with sampling location of the pseudoscorpion (white circle); B, Panoramic view from the sampling location
on the sea cliff crest; C, Outcrop where the pseudoscorpion was collected. Rock mass surrounded by open fractures are
indicated by a white arrow; D, The pseudoscorpion on the surface of an open crack; E, Enlargement of Fig. 2D.
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Figure 3. Pseudoscorpion kept in a glass bottle. A, General
view of a glass bottle for storing the pseudoscorpion.
Terrarium soil of a few millimeters thick is paved
along the bottom of a glass bottle, and a fragment
of a dried leaf was placed on the terrarium soil. The
pseudoscorpion is normally under a dried leaf in such
keeping environment. For the photo, the pseudoscorpion
was placed onto a dried leaf intentionally. A few
termites (Reticulitermes speratus) were added as living
prey for the pseudoscorpion; B, failed attempt by the
pseudoscorpion to catch a termite, which moved away.

Bfo> T, BEEZRICE-_ZFHFICIOMEHEIN
7= (Fig. 2BE). =%, H —-FHFWIH I AR (KRE
7 cm, mET 8 cm WIZTIUTALYAIEEH mm
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L TY~ b7 Reticulitermes speratus %5
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1A 26 HOEEMHRZRRIZ, 1 A28 HIZEL =1
RL, MEHET 150 HITH o7~ 1 H 29 H, fEEK
OEERY EFHZET Y INIA 702 a—T (VHX-

Figure 4. Pseudoscorpion specimen collected at the sea cliff
crest of 110 meters above sea level along the western
coast of the Shimokita Peninsula. A, dorsal view; B,
ventral view.

700FSP1344, F—T > A8, &FILKY) Tirok K
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[ERERILEOBIKCEENBREOSEEHAL, BRI
m ORIRE O — A BNRETETITKEITHRE L TS U
HE, 2020). ##E (1978a) T&d&, 1VHZLY
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25HOO, T ORI IGE D R THN

— 112 —



FaA - ek © B

5. —F, AREICEHT 2 2HEIIER S FERTHRICR
20, T/ IRIEH AR IMEEREEE (2 BE
— 115 4600 F4ERD 2%, ILOBITIT P EHEIREE (K
1500 A4ERT MBHL TWD. 72770, WFIEFHIC
EfEL=ABTH, LIFLIZHOENE 204D 5T,
HEOBEBRNEMEZET S, #EL2HEHTHLHDOD,
%10 mM5 100 miRiICWZ2EEETDAY HZ A
TOAEBEREELT, HEOWRICAERZRTHREEN
M0, BEBIEHOENEZMED EEEENS B2 M
NET NS, £z, R[EZBRLEAOZENEZERL S
HAMTHIUL, HEOERERIILNT U b EERESE
Tz,

AVAZLYDEEDNEDSNBWNEREE LT, £k
(1978a) IHMIKMENERT D H B 0 M E a5
B, BIARTHXAMESNZRE, MWKk LRE BX
CHERNREERE T —Fh, 1V AZLLOERN
MERINZREEL T, HUZONEFTRADREI L
BLUTWEEREEEZ:RL, HEEEEI TS THhIL, &£
EREICEOAE & DERIREICE 2 EZRIIRD S
nixnE Lz T/EomaRIEEHL, #FAEEFEL =
8 HRDFHIFIZBWT, HHITHICHERI N TR
M&, ENHEmTEE CERIRE TR < iRIREICH -
. TOXDEEEELRMT, K (1978a) OiEMLZ
AL DERRBEICEANTH 2. £z, Eh

HEZZAD20 oMz E> Tz, 1V AL D
ARTZENEHRIOMERIZDNWTIE, L WiHIIE

XHRICIEA 5 NT, HERFHISEOMETDH 5.

AVHZALDEBRRE

AV HZ LT OERRED, 8O0 OREREHITE
INTWD, DITFTIE, HEHM SO BRI GO
AIREZR MG 2SR L T, AMOERRRIIDNTERL
e, e (1978a) IHR)INRILOEDWREED S
5, fE 1-156 m OEBOENHICAHEZ LA L 2.
ELIT, R 3 m XD EMTHEMICE S, WEw T
BEKERTERN>EZIEZHE L. Choi and
Hwang (2009) 1%, SRIREREANT S OWRET, &
BMEDEBWIEOESAEFEO N E, HEEEROERER
HICEINEIZ, M1 ERE M 1 EEROE 2 Bz #fEs
L7z, KEE» (1980) 1%, AJIEmEHEELY &
HERERRIIBNT, 2ROV ALY OEHZHR
HLz wmXPICKR SN RE S Z, EREREo
E T MK & Google Earth Pro THEET % &, dLH
HANCHEITBEANEFR < AOHOMMED, B 10 cm
~¥m OEMEENEET 2 ST, EE m N o#E E
wmEtTCcES., A<, HEL TWEREREDOEDE
mMMSHREINLEEZENS. (LA (2006, 2010)
13, EREOEBLENS TIEBICELHERERVND 7

110 m O#EREETICR T 21TV =LYy

A EAbHEED 1 iR DF 8 AT, AV HZLTD
R EWE L. SRS OMIZIZEE T % st IR IEiE
BRELZEFUD, EMERHWICIIREZES OO,
BOIIEETHRESINZDD LWL/ #2H (2018)
12, WORTFETOMERER\ND 13 ST, #LENS
AfErE Lz, SHEOBNEMERZ N LEGDT, B
EOEADOF, WEOTS EFRIEAFO—)L EFHAD
T, BEUOHBEREDHOGO R EN, REDL: BHREE
L TETFeN —EIE, (2012) 13, BEEHE
MRS r OB E OB T CABEZRELHREL
7=, IEHETSH A 2L DFER N S FAE D T EI3EEL W
HOD, BTHWHRKZLICHW T 2R0, FREMSITH
Rl ENLDEMEHBTES. D EOREICS
W, IV AZLATPEREINZRER, #LEEanl
ZFNXOEAMT, WEEEEE TN TWRN,

& Z AT, Morikawa (1960) &#&JIl (1969) 1A
fEZHEEICEL, WHER WO HE D& DR
HIZERT 2 &L, RMNORFEER/N SR NIEFICED,
AVAZLYOFBRENS DEHERSE L. Lal,
FNFNOREM SO L WHIELEIIERE L TR
NEM-o 7=, Morikawa (1960) OEEHEH I DWNWT
1351%, ERREOHBEROFMRMEENBHESRD
N5H00, 1970 FRUBEOAHORERLFEE ST
BR0, VAL OABREICHMHIIE ENZN
D TEW. AV AZLAUIE, TOAEBRKE
LCHl BRIz, AHEOEBICMNET2ESEE m »
S5+ molEREEZFEEL, DIN2HMICEESD
DODUFEERWIZE 10 m M5 100 miRIZET D@
EENFTFoNs. BREFERT HEL, FEiELE
ABRTHOBNEZMED 2 &D, AROABREOEREE
BREZO—DIZEITFENS.

KEHLESGRDRE

HIE TS EEOEHANT /BT, 2020 48 A
28 HIZAVAZLY 1 EAROERZHERLUREL 7.
MaRH AT, T/ IO ALY 2 B E S I &2 TE S O FE &
110 m IZMETA2HEABOMOHNERNWT, AfE
CBWTINETORSHS TORERRERD. A

DERRFEIZEIC, ¥ Lz EamESAICHREREDE
i > CTHEm aﬁ(mﬂ\bﬂ“;&m’t Ml g £ i >

TEH1I0 mMn5 100 mZ2HWAD&EAICET 5. £,
MR 2 M T 2 MU B D EIN B 2 0 D [k U 7= 5
ThHhcdIEd, AEOEERELLTEETHS. &2
ATAVHZ LT DOERREICEL T, HAMIO WIEER
Wi sk 2 o S M SRR 0 © DS, BETE SR
WCRHT ZENTE RNz 5%, HEMSAOFEM
WL EEET S LT, AMOABRED XD AR

— 113 —



ANEH#  Humans and Nature no.32 (2022)

H7S RN E EN S,

&

B LR F I AE S A W F R O i 1S AN HEBEZ I3 A D
Y hooyyaigHLTHEWE AEHITE (FH
BOOWHER) OARTFERKICE, BEIHEOHICT
JIGEZENLUTEW:Z AV AIZLOT7A 31T
A ML —F—OEHEES A (B IZ/ERL THEN
oo AMETHEREICEBL T, FHRETIHAMERE &
EARRERICE ] 2 HW 2. BILKRZH AR AT %
a=y MERROATRERROILE  BEEREEICE, T8
A7 ORI —T ORI L TIBhEEWE. W
EREOHA REARSNIC 1 L4OELOEZRFITIZ
BREERCHEFZEWE. RO -HICRIE G
WF9E C, 19K06863, SEhk 31— 571 3 %) ZfEHL 7=
PALEDS 4 EHEBEICEL #EEET 5.

2 K

HHRBRTIAEEEBEHERO T /JIKT, 1V ALY
(Garypus japonicus Beier, 1952) O 4K —{E{k %,
2020 4 8 A 28 HICHREL 7=, HEM AL, WRETE
HOESER 110 m #HRICEL, 2O INETOR
bEWERTORETH . T /IR TOREH ST
A, WIS AHE IS IN TWSHEDREREZSRT
&, AVAZLYOERBREITEICH LA EESK
m»”S5THmICELWEERNVTHD, HEpEL
THRERVOE T mAWNL 100 m 28T &S ERE
KOG END. MAT, WERENHOFINEZ /D EfS
ERTHDED, FERREOHEERERNTSH S.

X

Beier, M. (1952) Eine neue Garypus-Art (Pseudoscorp.) aus
Japan. Zoologischer Anzeiger, 149, 235-239.

Choi, E. H. and Hwang, U. W. (2009) First record
of maritime pseudoscorpion Garypus japonicus
(Garypidae) from Korea. Korean Journal of Systematic
Zoology, 25, 261-264.

—% F M R - BIREE (2012) WEEEESE (IR
DU EHYHE - LEH - BAESIE LRE AR 7,
9-14.

AA—& - KFE A (2019) HILEBICBIT2 1Y LT
Garypus japonicus D% R+, Edaphologia, 105, 25.

MHERT (2018) FBEAT O/ IEE 2 B D437 & A fE. 2H
RYINORI 12— 7 APIFEHES, 10, 131-143.

Morikawa, K. (1960) Systematic studies of Japanese
pseudoscorpions. Memoirs of the Ehime University,
Section II , (Sciences), Series. B (Biology), 4, 85—-172.

ARNNERE (1969) HiZ B WM HESE. M 22 - NEE28) -

WH = (8, FrHAZYEE (F) B L, 50
pp. 342-346.

PEAT =BG (#R ) (1995) JREMER H AW EEIM G (11). RELL
KB, 663 p.

MAER - KFEEE (2009) HHREOHE. KiH, 50, 52-68.

INHETE (2020) DN OEHET v T~ILOE~. #HE)IIRER
WAL 0, 70, 25-28.

KEgE— fEA ¥ - {LOJCE (1980) fEXE v B Ok EEiH.
H ARSI s, 12, 33-48.

PERESE L (1978a) MERMEN = 4> D BEEEE. Atypus, 71,
45-48.

PEBETESL (1978b) HAEN Z LT A&k L.
39-42.

& (1995) 7%%2:1’% FEAT =B (f ), JREMRER H AN RS
P (D, fRER KB pp. 6-33.

AR (1975) R B )1 N iR D M. MBI RIF SRS, 5
T 1 XiE, HEHRER, % 39 + 8 p.

N & (2006) EHREBEOA YV HZ LT OHHITONT. EHRER
RS, 11, 44

(LA & (2010) HRAREENITEIESEDM Y AL Oisk. &
FRERGEIE, 15, 62.

Atypus, 72,

f+ &

E L HPERE OB HIK (2021 41 A 9 HEE)
https://dkgd.gsi.go.jp/dkgx/pagel.htm

— 114 —



AN&E B Humans and Nature 32: 115-131 (2022)

& B

ISSN 2185-4513

BEH® - AB#ELRFICE IS BFEY 20EDT =/ AOY —HREE

BHAFKY

Phenological observations of 20 coastal plant species in coastal areas
of the Harima-nada and Suo-nada Seas, western Japan

Asumo Kuroba ?

Abstract

Phenological observations were performed monthly for 20 coastal plant species between July 2018
and March 2020 in coastal areas of the Harima-nada and Suo-nada Seas, located in the Setouchi
region, western Japan. According to their habitats, the coastal plant species observed were classified
into three types: the salt marsh type (Triglochin asiatica, Juncus gracillimus, Carex scabrifolia,
Fimbristylis sieboldii, Phacelurus latifolius, Zoysia sinica var. nipponica, Limonium tetragonum,
Atriplex patens, Bassia littorea, Suaeda malacosperma, Suaeda maritima subsp. asiatica, Artemisia
fukudo, Tripolium pannonicum, Hibiscus hamabo), the rocky coast type (Euphorbia jolkinii, Dianthus
japonicus, Chrysanthemum japonense, Peucedanum japonicum var. japonicum), and the beach-dune
type (Polygonum polyneuron, Suaeda glauca). The time and duration of leafing, flowering, and seed

dispersion were summarized for each species.

Key words: flowering, halophyte, leafing, phenology, seed dispersion, Seto Inland Sea
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1 % Fl Poaceae v NJEDZAEE. 4 AITENM O,

Y, S AMNS 6 AICEIET 5. RERIZERET, 7TAL
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(5.5 13)

F 7 Bl Asteraceae U I ¥V BOBEE (05 L4
H?). 3 HICEENMHCIAD, 10 AN 5 11 AITHAE
95 REIERT 11 APAEID#ETmINS. BFE-
FESR L 2 EKIIHZES 2 (—EIEHER ). BRAE - #5520
RN I ERIIAFEOREEZRD. FEAT 12 AITHE
RINT=.

N IR Hibiscus hamabo Siebold et Zucc. (5E
14)

7 F Bt Malvaceae 7 I 7 J& DEZEEARD 5 /NEA.
3AWEENSHUIED, 7T ANS 8 HICHIET 5. RE
WHR. 11 A EmEX D 5 R, Brafmsns.
EIMELOHELEL, 1 AhHEICIZEET S .

MBI EHhEY)

A1 7% 4 %% Euphorbia jolkinii Boiss. (BE 15)

k™ 44 779 Fl Euphorbiaceae k¥ 1 VY EDE
FE, 4 AMNS 5 AICHETET 2. REIHE 6 A LA
EEXOHEL, MTaBmInsg XEIEFIDEE
L, &ERBHEN30, REITHRITICH L WEENEN,
FRITNTERTS .

NN 53 3 Dianthus japonicus Thunb. (5K 16)

+ 53 3%l Caryophyllaceae F 5 2 O J& D EUFE E /n
L. 3 AICEENITIAD, 6 ANS 8 AICHAE
95, REFHE 7T ATHEIDENARL, FEFH
BAiE N5, BE - fERICHET kL, HEET
HEETLEEROTMAENERI N, BE LB - kL
o ERIIAF O REERD .

/ PF Y Chrysanthemum japonense (Makino) Nakai
(BE 17)

F 7 B} Asteraceae ¥V EDLEE. 10 A5 1 A
WCBATET 5. BRERIGERT, 1 HFHEIDEHAINS.
XEIMFI0BEL, REDHAA I NSEITII2MAEN
i ah, FERENCHITICH U WENEN, BFIIHT
ERTS .

R >R T Peucedanum japonicum Thunb.
var. japonicum (5K 18)

U Rl Apiaceae NI Y > RTTIBDLERE. 3 H
WEENMECIED, 6 AMS 8 HIZRET 5. REIIH
BT, SAERAHEIOEMIND. B - #EELZHEE
I 5 (BZELUAERYD, —REmEE). XEIES
FOHEL, BENHMSINDIEIIZLEIENS. B

€ - FER LD ERITIAFDREZRD .
BIEY)

7 ¥ /) R FVYIFF Polygonum polyneuron Franch.
et Sav. (5H 19)

% 5%} Polygonaceae S F V> ¥ED—44EE. 7H
M5 10 HITHET 5. REPHERTHIZUEN, 10
AHAEI O INS. EIKFEIDEEL, 12 A
EREIZIZ2ERI NS, FEEZIT 1 AICBEEINE.

Y7 Suaeda glauca (Bunge) Bunge (5.E 20)

b 18} Amaranthaceae XV F @D —4EH. 7 AN
510 AICHIET 2. REFRETHEKEFICEEN, 9
ATHEIOEAINS. EEIKFELIOELL, 128
FHEICIZEEI NS, FAEZIT 2 AICBRIN.

&

ARFFEIL JSPS B E JP18K 05709 DBhAL 2 Z1) 7=
HDTH5 .

£ B

WP NHLA AL E S 2 SRER QR EB R RS KTl
AR O FERF R R OWERBICBNT, 20184FE7 ANDS
2020 4 3 AT, MR 20 O EFIREZEH
Bl L 2. SR L EEYEEEREY CNT,
rROA, A2, 4AVYRTIVFE, TATY, FH
2 FZIUN, NITY, RIYNNIT Y, VKDY
FF, voanvVF, NIV, TIR, wIF7,
NTRD), WREREY (U5 A 7F NTFT O,
JIOFY, REYRUTY), WEEY (YFIFV
FF, vvh) KRS L, FEORBE, B ErEdn
R EDRZERL - .

X #

THE & (2008) 5> RAF—T 7z /0¥—, HEHOEREMHEZ
UM EER. Kk - Gk E - R 6R).
S = XBHEAEREE 4, EREREHEZD TR HERESE
vk, 58, pp. 147-178.

EHAEHKL (2021) ILIRHERITICHBT 2 EY 28 O 7 =
JOo—EgGRk. AEHZ, 31, 73-92.

hpEsAE (2018) HADWRMEMKE Rl KBk 271
D.

BEHEEZ - PrashRl - T - I8 fR (2007) HAODWEE
MFry XN ANEAS 17, 85-101.

KAkl (2012) HAMEE R EE. JLREfE, Ha(, 379 p.
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BH - Y 20 O T o/ 0P — B R

[BIT BT —5 - &R (202045 7 8 HRE%)
[http://www.jma.go.jp/jma/menu/menureport.html]
BEA (L RUZ N (201945 11 A 18 HEE) *%%ﬂtﬁj' Be & [BG Plants Mt — #4117 v 7 A
(https://www.env.go.jp/nature/kisho/hozen/redlist/ (YList)] (2019 % 11 A 18 HE5)

[http://ylist.info]

c

I+

index.html]
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BH 1 /\J Triglochin asiatica, (a) HUMEDZEE 200317H, (b) FEM D2 200924H, (¢) /& (HEMEHD 200924H, (d) 0%
WHSZ 191018H, (e) Bl R 181119H, (f) XZFDIE 200116H. MF v 7> 3 >HD 6 HOEFIIEEDHEFEH, KX
FTIVT 7 Xy Mg (H, ER; Y, (hOE) 27R79 (B 200317H, 2020 4E 3 A 17 HILEIR ThH).

BH2 RUOA Juncus gracillimus, (a) fOED 723 190402H, (b) fE/F 200601H, (¢) &HWHEF 200608H, (d) #4i o RF
200712H, (e) #AmIDO 4 180723H, (f) Min/z3# 200116H.
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BE 3 477 Carex scabrifolia, (a) BIAEHID 2T 200420H, (b) fE/F (HE/NE) 200420H, (c) fE/F (HE/NE) 200420H, (d) #
WRF 200420H, (e) BAAHIDRAF 190609H, (f) XZDZE 200116H.

] sy e L il

BEE 4 AV Y~F>VF Fimbristylis sieboldii, (a) UMD -3 200316Y, (b) fEF (MR 200615Y, (¢) fEFF (REMEID)
190707H, (d) #AH D2 190813Y, (e) #MHIDRF 190813Y, (f) #it/=% 200120Y.
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BHS5 7173 Phacelurus latifolius, (a) UOME® -3 200317H, (b) BAEH D2 190707H, (¢) £ ML) 190707H, (d)
B (HEMED 190707H, (o) BAIOSF 180820H, (f) Mit7=%E 191224H.

BE6 T3 /A= )\Zoysia sinica var. nipponica, (a) HUMED 725 200420H, (b) BIEM D2 200507H, (c) 165 (M)
200507H, (d) fE)F (HEMERD) 190609H, (e) HMMIDRF 190707H, (f) Mif17=%E 191224H.
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o g ! X : - A B 4 a Vs

BE 7 /)\YHY Limonium tetragonum, (a) 1t 180820H, (b) BHEHIKARDIEF 191018H, (¢) A ORF 181031H (FifEf D
HRNAZ D), (d) BTE - MEERKITH N =@ 200116H, (e) BTE - #5FE LUah > =@k 200217H, (f) 34X 200217H.

BEE8 HRYNNITIY Atriplex patens, (a) T£F 180902H, (b) BIFEMID 2 190924H, (c) HWEF 181031H (REIIHICH
FNTVDB), (d) BAEHMORF 181114H, (e) Min/=2£%E 200116H, (f) ZFEAEZ 200225Y.
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3 : : p b
- : PN e R

BHE9 o ViHRYFF Bassia littorea, (a) FIEM D2 190923Y, (b) FURDIEF 190923Y, (c) #HWEHE 191105Y, (d) B0 F
9 191202Y, (e) Min/=2£8 200225Y, (f) FH4EZ 200225Y.

EE 10 b 0O/\YYJ Suaeda malacosperma, (a) HET HZEEE 190501Y, (b) fIET 2EZE 190813Y, (c) FAEMDO 2K 190923Y,
(d) 1€ 190923Y, (e) BN AZ 5% 181015Y, () ZHEAZ 200316Y.
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\ 3 e i iy A B v

BE 11 /\XYXY7J Suaeda maritima subsp. asiatica, (a) BAEH D2 190924H, (b) 1€ 190924H, (c) #AMDOFREFE 181031H,
(d) #L¥E 181119H, (e) Min/=2¥E 191224H, (f) 2F4EX 200225Y.

BH 12 77 R Artemisia fukudo, (a) FIAEHID 2 191018H, (b) f& 191018H, (c) BAAHADREE 181209H, (d) BISE - FEFEZITH
FEL 728k 200116H, (e) BHAE « #&ELAan > 72k 190221H, (f) 34X 190221H.
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BE 13 5% 7 Tripolium pannonicum, (a) BIfEHI D2 191018H, (b) EfE 191018H, (c) HAMHID 2T 191202Y (FHiDFkEE
DL <IFHTE - FRUB - MR EF 2 /AN, (d) BmoRHE 191202Y, (e) A X 200120Y, () BITE - #EL
72 7Bk 200316Y.

BE 14 /\YXIR Hibiscus hamabo, (a) fUMEDH -5 190408Y, (b) BAEH DL 200727Y, (¢) FEEEWRFEREE 200727Y, (d)
WA ORE 191105Y, (e) HHEDOHIIZE 191202V, (f) HEL 24 200120Y.
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BE 15 U414 % Euphorbia jolkinii, (a) BAITEMI DL 190501Y, (b) ML EMEAE 190501Y, (¢) #AHIDFESE 200615Y, (d) H#
MWD L 200615Y, (e) HUMED-XIE 200928Y, () HET 5L 191202Y.

BH 16 /\¥7F 7 1 Dianthus japonicus, (a) {6 200701Y, (b) BiEH 2 1Z 1T E/={E(K 190801H, (¢) MMM DHE 180820H, (d)
BAAE - FERBITHFEL 28K 191113H, (e) FAfE - #EEZHERFT HMEMK 191113H, (f) BATE - F5E Lo 7@K 191113H.
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BE 18 1R¥ >R 77 Peucedanum japonicum var. japonicum, (a) fEfF 200615Y, (b) BAEHI D2 200615Y, (c) HNEE
190813Y, (d) HAHID RS 190820H, (e) BATE - FEFEBRITHIE L 7@K 190820H, () BIAE - #ER L b o 7@K 200120Y.
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-y

BH 20 YYV7J Suaeda glauca, (a) K9 22%E 190709H, (b) /€ 190805H, (c) H3%E 190930H, (d) RE 191125H, (e) fi/z2%
¥ 200117H, (f) ZFAZ 200209H.
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& B

YN ASERAVWVCAEBEAXZER®R (BHR) ©
HFL RS KO BEE DR

mE®E W KHEER Y & KV

A survey of mammalian and avian fauna in University Forest of the
Ishinomaki Senshu University, Miyagi Prefecture,
using sensor cameras

Masumi FUrRUKAwA 2 | Kiyotsugu Yopa P and Yamato Tsui P*

Abstract

We investigated mammalian and avian fauna in university forest of the Ishinomaki Senshu University,
Miyagi Prefecture, using sensor cameras. We set the cameras inside the university forest and recorded
the animals for one year (from June 2020 to June 2021). During the study period, 23 animal species (12
mammals and 11 birds) including Japanese serow (Capricornis crispus), which is listed in the Red List
of Miyagi Prefecture, were recorded. Several movies recorded family or couple animals, which implied
their reproduction. Sika deer (Cervus nippon), red foxes (Vulpes vulpes), raccoon dogs (Nyctereutes
procyonoides) and domestic cats (Felis catus) were frequently recorded and bird species were less
recorded. Six out of 12 mammalian species were recorded in all seasons, while others were not recorded
in several seasons. Time zones when the movies of animals were taken (represent active time of target
species) was similar to other study sites. We need to pay a special attention to density of sika deer in the
university forest because recent studies have reported their negative impact on the vegetation and soil
through grazing.

Key words: environmental education, fauna, Japanese serow, sika deer, sensor camera, university forest
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[EL®IC

AP OL < IFEHEEENR#ETH D, & <ITHE
B < BEFETH D720, ZOEBIRTOAEICIT
INETEW-BE-ZEEWoHERBELONTEZ (M
F2, 2015). WolESTENCDNWTIE, FEHE LS
U 7@k 2889 2 OB —R7Z0, ZOHRICITRE
OFTHFEICHMZEL, I-HELSTHMICANL X E
BZ25ENWOHEND 5.

TEOHEMMESNE L VEHEREAAT (Bo¥—h
AF) W, ARAT—BOHKZHENE SN, FURED
BHRNESNBRNEND REDNHDHHDOD, HEZEBED
THGEHAENEETH D, WHREWEGT 201
W, FAEEORERBICEGIUI W, FfE L TR
BTS2 E, RO FHEIITE AR Z KA TWD (7
F, 20155 FEALIED, 2016). E GO A Fhi>
ZZEBHD, LY =N AT ERNERRELITE)
DOHFEN, ZZ 10 FOMICEMTEEIND L SITR

K1 EREAET BR) 250 b oKl (ER) OffE. BVl o —hAS2&E L AMEZ, NS RATENMO 2%
BLEAATOMEZ, TNTIURY. FEHROMRIE 10 m.

S (xR, 2011 ; &gk - LA, 2014 5 @RIED,
2016).
GETMIEREBEOIFELIMEL, EOFVYF -0
Y, BENONIREE, e )13 PERE, Bz
HRICHENZEBMTH 2. £ELSEOZKRYIL
Macaca fuscata (Blyth, 1875) GEEDOBZNDH D
IR EA# LP) f8E) 4% 5 L)V Rana tagoi
Okada, 1928 (HEfWERME (NT) 58 &, I’
BEKROEREOL v RF—% Ty 7B F5NTN5S
iz &0, 2 < 0N ERT 2 (EHIRKR—LX—).
bhbhPEzB<aEEBERE CF, £9% & +
T ONAHELZK 0.2 km*OEEKE2HT . &
ELU T/ ZED, HMHENENT (BRIED,
1994), AFEOHAESCHBOFEY + —IV RELUTHEH
INTER )N YE T Paguma larvata (Smith,
1827) < = 7K > 51 & I K Capricornis crispus
(Temminck, 1845) MEEMEF v 2 NAZHAD L
TWBZENLFINSARZOBBOMTHSNTHD,
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) AEEEREEE R OB

MIZHZREREYNERL TNWD EBZSNTERN,
FORMIINFETTARALE o 72

ZIZThinbiud, HEKRNIZE =T AT ERE
LT WAERS CICREOARRNE 1 EMITHZ
DALz, fegBENEVEIYREIC DOV T, M
EOEEHE(LRRFRHFICLDEBNDRA L. S5z
MR, HESMERNSE L ZERPNHAEORE T —
& LR, FAEMTOHE - EE/NRFEEMT ORE
BE IO I LIUEHTES LN 5.

MHETE

FEH

AWFFET, AETTHEERXIZS 2 AZOHE B (38°
27 N, 141° 17 E) Tiro7 (®1). #WEHIZL H
At BRI &S D m AR W ket (Fdk 3 km, 3H
FAOERKIE 1 km, FRAES 173.6 m, BLF, ~Vo
FIL) OO 0.2 km*ZE 5. MY HRLOKE
R AITIXILEICE > TIHROEENHEFT S, D
TZ DR DFIFEBIZ A > TW=KHE, 1990 44X
DABE D L HIBHTEIC K 0 AP0 H BT B, B EEE)
NEBEECEBEHBA SN TNS. WoIED, ZoREH
OALHEAIRALERNICEET 2 K TIE, FIETHKRHEBHE
WEHENTVWS., M HRLUOWMTERTIE, 1960 F48
ETHIRILA OB GGEFRHOEND &, BHEEE
HOATYMNDE) ELTEHRINTBD (ABED,
1994), HIEBHEMEIL> TS, BREMG S RImIZH
T3 7 X F Quercus acutissima Carruthers, 7
Z Quercus serrata Thunb. ex Murray, 7 v F
Zelkova serrata (Thunb.) Makino 72 EVE 5T %%
BEILTERE kM & A F Cryptomeria japonica (L. fil.)
D. Don O A THANRIEL, MANICIIBRFERDOY
H ¥ Quercus acuta Thunb. ex Murray, > 0% &
Neolitsea sericea (Bl.) Koidz. 78 ENNHEL T 5,
72 FEMRE O T, EARBICERMEOY TV NF
Camellia japonica L., 7 # % Aucuba japonica
Thunb. &< A5NS5 (AHIED, 1994). IE, H
Mmool s MmPBicTHrTTYT T
Phyllostachys bambusoides Sieb. et Zucc. @ i 5§
RARA  FAILRINEL TN S,

FEME P OAETOEEERRIL 15.9 C E&ER
IS AN 20.56 C, BEKIRIZAEE 12.0 °C), 4F#
FR7k 1T 1294.0 mm 7Zo /= (KRITHEHHERT) . A
e T, SEEKIRICE D ERHIZ 4 DICR Lz (&
3AMS5H, E:6 AS8H, #k:9HAMNS 11 A,
A U12AMNS 2 H)

MUK T — & DINE & R4

2020 5 HIZ 1 HERBEOREETY, £ P —
HASDREBFHO T RS NN REY 2 A
7. TODAT, 202046 A 15 AN 5 2021 46 A
2 HiZMF CoR—FM, HEMRNOBERER Y (T
TURM) OARDERIC, E>Y—H A5 (LTL-Acorn
6310, Shenzhen Ltl Acorn Electronics Co., Ltd.)
EHERE 1 mOEI T, BaE#TT BREICHT )
tw kL, BASOREBICHEN-WAEE BEOBHE
ERELE (F—F 3N SD H— RIZEEIND).
B9 2 R EBESATREE 80 m LA LORIEZEZ2 7~ (X
1). ke Z 60 8, 1 > ¥ —/N)L%E 10 7R &
U, BEICEAH ERERLINE LIAEND X DI
L7z, AAZOEFICEHLTICTIIZAFv IO —
ZRE L. 2 NS 4 —RIOMEE GFEELRM
4 20 [B) TEEHICAD, M OERERS T
12 SD #1— RDOEUY - 22T - 7= FAEHRFITH A
TEMED L0, REHIE A SHBICERS (£ ).
BB, R TIE, AR ETEMMBEL 20 A
7 (1786 OF—FHMITICmAZ (K1), LM
RO H—N AT DENEHHEL, 3011 HE-7~
(F1). wEEINBM DL ZEFRBHBRETH O,
REHEZTOEEMND LR —EEOEENY > b
DEENERTEL</% FHIFN, 2006). HikT
LIEFICBNTT—F ONEZ TE DT HEET 5
B, 30 5K O RIbE THhRE S N8I3R —@EETH
5EHIBLT (BOBFETHBEDHNTEZZR Y

X1 AEHEERFHEMNICEY FLEE Y —HATOHFE
R (202046 A5 202146 H) OBEH SR

M.
HiL i (m) i 11 ] EIEEEET 2T
BI-01 0 2020/6/15 - 2021/6/2 348 135
BI-02 60 2020/6/15 - 2021/6/2 348 70
BI-03 65 2020/6/15 - 2021/6/2 348 23
BI-04 110 2020/6/15 - 2021/6/2 348 27
BI-05 110 2020/6/15 - 2021/6/2 335 91
BI-06 20 2020/8/19 - 2021/6/2 288 22
BI-07 40 2020/8/19 - 2021/6/2 288 67
BI-08 40 2020/8/19 - 2021/6/2 288 16
BI-09 120 2021/2/20 - 2021/6/2 122 28
S-01 20 2020/9/1 - 2020/9/16 16 1
S-02 50 2020/9/1 - 2020/9/16 16 0
S-03 65 2020/9/1 - 2020/9/16 16 13
S-04 60 2020/9/1 - 2020/9/16 16 0
S-05 60 2020/9/1 - 2020/9/16 16 1
S-06 70  2020/9/1 - 2020/9/16 16 0
S-07 90 2020/9/1 - 2020/9/16 16 7
S-08 100 2020/9/1 - 2020/9/16 16 0
S-09 110 2020/9/1 - 2020/9/16 16 33
S-10 10  2020/9/1 - 2020/9/16 16 0
S-11 30 2020/9/1 - 2020/9/16 16 1
S-12 30 2020/9/1 - 2020/9/16 16 0
S-13 30 2020/9/1 - 2020/9/16 16 8
S-14 40 2020/9/1 - 2020/9/16 16 3
S-15 90 2020/11/10 - 2020/12/9 30 3
S-16 110 2020/10/19 - 2020/11/10 23 10
S-17 110 2021/4/16 - 2021/5/6 21 38
3011 597
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# Cervus nippon Temminck, 1838 D47 — A & <),
Tty MhSERW.

R DL WEHICDNWTIL, RO EEHE(L
PRI K DEWEFFM L 2. eI —&1b
MIBIE ST T ) (Generalized Linear Mixed Model:
GLMM) ZHW/e. FHZMIIOWTIE, &FHOHK
R R INEA GREMS - RY Y 201, 71y
FE: W ASOFERER), FMefALE o v—
AATDID 25 Y LEREL.

Wo XS FF#H O EIIDONWTIE, T—I0E50
THAHATIZDODNT, AETOFEMOHOH,  HDAD
e oo iE (Ao 6312, HDOAD 18 K 38
47 s MAPLOGS.COM 2020) #=&#1Z, 19:00-4:59
% [&[#], 7:00-16:59 Z [HH], 5:00-6:59 % [
B, 17:00-18:59 & [#&] /ML T, MmEHED
R IC L2 ZR 2B SICGGHEL 72, AFRFRIH O
BB Z INEAL GREMEG 1 R >0, 7t

B, oY —AATOIDEITHYLERELE
NS OFEHRITIZIZZ YU —Y 7 b = 7 R ver. 4.0.0 R
Developmental Core Team, 2020) 725 NZ lme4
Ny —2 (B% glmer) 2V, HEKYE (o) 1T
0.05 &L 7.

AR HIC 634 BOBGNRFE I N Mg
FENSE LR 12 B, SR 11 MEDE 23 FiE o 7z
(F2, K2). ZFRIHOEEREN 190 B EBRL >
T%<, 7 HF Y3 Vulpes vulpes (Linnaeus, 1758) (92
#), # X+ Nyctereutes procyonoides (Gray, 1834)
(83 %), - Tx 2 Felis catus Linnaeus, 1758 (73 #0)
MZIUTKRWE, B 5, 10 EoEm TETNnThE
BB D 76 %, 94 % & H0. BEOEREUKIZ
HABITHER TR, 2REEDETH 40 /2o 72 GR

v NE AT DR E

HE X RERIEIS), Refdw 2 3 2).

xK2 HEWIRT (202046 A5 202146 H) ICEELAZFMDOU X k.

iiES o e R A AL
IH Lk Mammalia
. . Jan, Mar, Apr, May, Jun, Jul,
F X% Canidae Nyctereutes procyonoides Aug, Sep, Oct. Nov, Dec 83
N . Jan, Apr, May, Jun, Jul, Aug,
T X R Canidae Vulpes vulpes Sep. Oct. Nov. Dec 92
=R TFH = Mustelidae Meles anakuma Mar, Apr, May, Jun, Jul, Aug, 36
Sep, Oct, Nov
=K7YV Mustelidae Martes melampus Mar, Apr, May, Sep 4
=R AZF Mustelidae Mustela itatsi Sep 1
NT B Viverridae Paguma larvata Apr, May, Jun, Jul, Sep 19
N . . Jan, Feb, Mar, Apr, May, Jun,
A T Felidae Felis catus Jul, Aug, Sep. Oct, Nov, Dec 73
. . . . . Mar, Apr, Jun, Jul, Aug, Sep,
=R ETH Bovidae Capricornis crispus Oct, Nov, Dec 43
s . . Jan, Feb, Mar, Apr, May, Jun,
=RV H Cervidae Cervus nippon Jul. Aug. Sep, Oct. Nov. Dec 190
=Ry /) UYF Leporidae Lepus brachyurus Jan, Feb, Mar, Apr, Aug, Dec 15
IR Muridae Apodemus sp. Mar, Apr, Jul 5
=RV A Sciuridae Sciurus lis Feb, Mar, Apr, May, Aug, Sep, 33
/B 594
J¥H Aves
Y~ Paridae Sittiparus varius Mar, Jul, Nov 4
DAVERIE A Paridae Parus minor Jun, Nov 2
AR Turdidae Zoothera dauma Oct, Nov, Dec 4
T HNT Turdidae Turdus chrysolaus Nov 1
vaNg Turdidae T. pallidus Apr, May 4
V=7 Turdidae T. cardis Sep 1
FUN B Columbidae Streptopelia orientalis Mar, Apr, Jul, Sep, Nov 5
77 A Corvidae Garulus glandarius Oct, Nov 4
Y~ R Phasianidae Syrmaticus soemmerringii Apr, May, Jun, Sug, Sep, Oct 10
== )] Pycnonotidae Hypsipetes amaurotis Jan, Jul, Oct 3
A= Emberizidae Emberiza variabilis May 2
Ny 40
(=i 634
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) AEEEREEE R OB

B HEEDEHEL
AEEDHRINZ 23O S B, LT NOFRH
b INZHAEIT ¥XF, THFYR 1%
d, ZARHAEIH, ZKPH, ZiR2U R Sciurus
lis Temminck, 1844 D6/~ > 7= (£ 2). =K
> 7 F 7 X Meles anakuma Temminck, 1844 &
N ET Y (KFmERL), ZFK> /U8 F Lepus
brachyurus Temminck, 1845 (ki3 #g # 7= L),
Z iR Y J ¥ Martes melampus (Wagner, 1840)
(E-&XW3HmERBL), =K1 % F Mustela itatsi
Temminck, 1844 (Fk D HA), X I ¥ Apodemus
spp. (Bk - KIIMmERL) O 6 M, RENEKICEH
ZleimAH o (R 2). BEIIDWTIE~ OffE D
I DI, BT LDOMITIITE Mo FAEM
MHIZ 15 R UL - OB G FEER S 117z 9 O ELEEICD
WT, EMBOFHRLERF LIS A, R
WL 7P S ECHRERBEOTHEEICAMTEESZ
MASN, T HFY ROEFEHIBNEITE < LITDin

".
q

04/14/2021

Z&, A IR ADOHERBNFEELLITPIBNZ E, =R

VN DIERENFRITDIRLSKITZNT E, ZRH
EHOBEMEBNIKIIDIENWZE, FLTDERIU R

DRFEREBENRHITZ N ENnhoiz (£3). ¥XF
DR U FORENEICE, FHEE SR SN
nolz.

RFSEE ORFREIFICK 58

FAAIRI T 15 ML Loz FLEk U7 9 FEOIHEL
FIZDOWT, S ORMTIC K22 (bERa L&
25, RERMPORL 7z 6 flirh 5 ff TH# KOO 1l
R CHRZENA SN, ¥ XF, THFYXR, =
RTFIIOIMIKMOBHBEEN@NI &, ¥
X FRHEEOBEHED E N E, DR EIHIIHE
BOBEBHEMENZ &, DR ONIHP OREHE
PMMEWZ &, mEMNGh-k (RI). 1T, &
AEEE & RERH ORI R E I IE R s o7z (&
3).

K2 GAEHEERAEEEHRNICREBELZE Y= ASTRELZWAE. a) 7HFYER, b) ZRIHEIH, o FXF, d) =K
JUHF, e) ZRJUR, f) DIRITFIR, g) DRIV, hy A Zxa, HNIET .

— 137 —



ANEH#  Humans and Nature no.32 (2022)

AEREXRZEZIVROBYHE

KI—E R O, AEOEE M TII 23 HOH)
Yy (RFLEE 12 M8, B 11 M) MEskIhiz. BERNT
DY —AATITEL5EHPMHOPEEREZL Ea—L
72k - Atk (2014) Itk B &, i CREI N
HIEFOL >R 9N S 16 FTHD, RFEFHEKD
WELEMIAE, EEMaAKEE WA S, HIREICEAL T
13w F /U< Ursus thibetanus G. Cuvier, 1823,
ZWR Y, A /3 Sus scrofa Linnaeus, 1758 13
W INBMho 208, AMOFEELRWAEMTIET T
FREREINTHD, MIRHREL TOEAS, BEZHFD
BEMEL TCORBIRIZTREEEbNS. FHIRATLE
Y, DOEWEOL Y RUZ N (BHER—LX—=)
T [BEjEEME] EIND2R TS INEHEE Chise
INTHY, fbHzERFEOR THERAETE 2 41T,
FEITRELSD. L<OENBEEREINLI LR,
ZIRAERIAET AFYRICEAL T rEN E B
NDHEDN, F XFIZTONTIE 2L (O E-RDND)
T—HEIITEI L TV MERD, 2N FnEERE SN
lEEBEZDHE, INSOWMILHEMNEEMRNTEHEL
TWaaRetEidm <, #H5%/BE B O BB 73E A
HEcx2.

HEMTIE, 2019 FE TR hoERBERIZR

Mmoo (KH, KRFER. LHLAREICKID, =k
CANFEEMEBERH L TWas I ENbholk. &<
2, AFOWEHEOEIREEL >k DK Dh

BTEEEAZEBRICEREL, HEOHLZIESEIT
ZENFEHTHEINTWD (@, 1989 5 HEIED,
2013). AWFETH, HEMNOBEAEOEHFHETH S
TAFIEBEETRENRAONSRE GE, RER),
EMMHEENOEENBREIND. BIRT DR HEE
OEFHENOBEE BEET 20, RKICZHR > P HNH
BHICER L TW25E, Btz RINICHR
STEZA U T, HHETE > TMEREFE DO R
REMORER EEHRFT20END 5.

Zrlal, BhEDOENENY O /NUAE O G I I X R E N S
. IZEATA Y TFROBMIONTIE—BTHATD
HiZE0 L MGEnEnhotz. WEAN AT ORTZEl
WUNREINRBNh o —R13, 2HboEEb
N5, NolEd R X I/ BHEIIE IS < ULh
BORAATEST, MEGICHE D <EREIZREEE S 7.
YV —HAZEFERRY—IVEN, DL D ik
OHERDH 2720, BWHO XD FEMREFMO 2D
2, SBEBAATOY Yy T 1 T HEEERGT & &
HIZ, EEHEHZOENHAZLE, MEROHAEREHOHRE
EHH®UMITLU TITOBEND 5.

K3 bIY—IASOEEHEIIHET 2 -RILWBESET)L (GLMM) OFiFROE LD,

B FRRTL R PR R AGITEETR)
a) #x¥ ES HEE ZBERE z D [Fiiiki HEEAE  FEERRE z p
%&(3-5R) 0.60 0.39 154 0.124 H 1 (8:00-16:59) 1.41 0.80 177 0.078
2(6-8A) 0.38 0.50 0.75 0.454 HFL(17:00-18:59) 1.61 0.76 212 0.034
& (12-28) -0.66 0.54 -121  0.225 1% [#1(19:00-5:59) 3.12 0.75 445 <0.001
b) 7 h¥vx =i HEE BERE z p IREFH] 45 HEEfl AR E z p
%&(3-5R) -0.46 0.40 -1.14  0.253 H 1 (8:00-16:59) 0.02 0.69 0.03 0.9771
2(6-8R) 2.02 0.36 564 <0001  #%5(17:00-18:59) 0.87 0.53 1.65 0.100
& (12-28) -1.12 0.51 -2.18  0.029 4 [1(19:00-5:59) 1.49 0.65 2.28  0.022
c) =T T~ EX HEE ZHESE z p FER A HEEME  AEWERRE z D
%#(3-5A8) NA NA NA NA H 1(8:00-16:59)  -0.12 0.97 -0.12 0.903
2 (6-8A) NA NA NA NA MEL(17:00-18:59)  0.69 0.71 0.98 0.327
& (12-28) NA NA NA NA & 8(19:00-5:59)  2.41 0.69 3.50 <0.001
d) 1 Tx= £ HEME BERE z p 5 47 HEEME  FEERR S z p
#(3-5A8) -0.66 0.33 -1.99  0.047 H F (8:00-16:59) 0.55 0.89 0.62 0.536
2 (6-8A) 0.35 0.33 1.05 0.294 HEEL(17:00-18:59) -0.34 0.59 -0.58 0.566
£ (12-28) -1.30 0.42 -3.07 _ 0.002 4[4 (19:00-5:59) -0.66 0.91 -0.73  0.469
e) SRV HELS £ HEME BERE z p IRE Ay HEEfE  FEERZE z p
#(3-5A8) -0.59 0.44 -1.36 0174 H #F (8:00-16:59) 0.05 0.49 0.10 0.920
2 (6-8A) 0.58 0.44 132  0.187 HEEL(17:00-18:59) -2.20 1.05 -2.09  0.037
£ (12-28) -1.59 0.63 -253  0.012 41 (19:00-5:59) -0.64 0.53 -1.21  0.225
f) =R Th B3 HEE ZERE z p [k HEEfE iR e z p
#(3-58) 117 0.29 -405 <0.001  H"1(8:00-16:59) -0.86 0.37 -2.30  0.022
2 (6-8A) 0.15 0.28 053  0.599 #%£(17:00-18:59) -0.39 0.30 -131  0.192
& (12-28) 0.65 0.17 3.72  <0.001  #K[#(19:00-5:59) 0.05 0.35 0.14  0.888
Q) =R/ THF ESi) HEE ZERE z p FRE[H] Y HEEAE  REvERRE z p
%#(3-5R8) 11.93  131.12 0.09 0.927 Hr1(8:00-16:59)  NA NA NA NA
2(6-8A) 1155  131.15 0.09 0.930 MFL(17:00-18:59)  NA NA NA NA
£ (12-28) 11.93 13112 0.09 0.927 1% [#1(19:00-5:59) NA NA NA NA
hy =AU A =5 HEE TERE z D [Eiiikid HEGEqE  AEYERRSE z p
#(3-5A8) -2.32 0.99 -2.34 0.019 H F (8:00-16:59) NA NA NA NA
2 (6-8A) -1.99 1.06 -1.87  0.061 HEL(17:00-18:59)  NA NA NA NA
& (12-28) -2.66 1.06 -250  0.012 A [£)(19:00-5:59) NA NA NA NA

BEEDHLNIGEIINTTRT, NAT 7 — A RICIOFRERPIORE T . ~TE T ATZE S, R LRSS IR R MOR L e o 7.
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